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CHEMISTEY. 



CHAPTER I. 

INTEODUOTIOir. 



1. Chsmistby teaches us the natare and propwties of 
ihe different substances of which the earth, the air, and 
the sea, as well as all animal and vegetable bodies, are 
composed. 

2. It also shows us the changes which these substances 
are continually undergoing; the manner in which such 
changes are produced ; and the laws by which they are 
regulated. 

3. All matter, by which is meant everything that occu- 
pies space, is composed of very minute particles or atoms, 
united together by an attractive force, termed attraction of 
cohesion. 

4. Attraction of cohesion is the power whereby particles 
of the same kind of matter are held together and united 
into a mass having the same properties as the particles of 
which it is formed. 

5. Thus, two drops either of water, oil, or quicksilver, 
when brought into contact, wiU run together into one 
mass ; but, however much these three substances may be 
shaken together, they will soon separate when left at rest. 

B 



2 CHEMISTBT. 

It is througli this attraction of cohesion that a drop of 
water is always spherical ; and that small particles of mer- 
cury are constantly of a globular figure. If a plate of glasa 
be laid upon a globule of mercury, and loaded with weights, 
one after another, the mercury is pressed out into a thin 
layer ; but as soon as the weights are removed, its globular 
figure is restored. 

6. Matter exists in three different states, viz., solids 
liquid, or aeri/orm. These different states, or, as they have 
been termed, physical conditions of matter, depend on 
the different degrees of coheaiye force exerted between its 
particles. 

7' The force of cohesion in a substance increases in pro* 
portion as its particles are brought nearer together. 

8. The more firmly the particles of a body cohere, the 
harder it is. 

Hence, whatever brings the particles of a body closei 
together, tends to harden it. 

9. Common clay is soft, plastic, and contains much 
moisture ; but when strongly heated, most of this moisture 
is driven out, and the particles of the clay are brought 
into closer contact. The mass thus becomes hard, as we 
find it in bricks, tiles, and earthenware. 

10. When the particles of which a body is composed 
cohere firmly, so as to resist impression, the body i» 
said to be in a solid state. 

*' The cohesive attraction which exists between the par- 
ticles of a solid body may be measured by the weight ne* 
cessary to overcome it. Thus, if a rod of metal, glass, 
wood, &c., be suspended in a perpendicular direction, and 
weights attached to its lower extremity till the rod break, 
the whole weight thus attached is the measure of the co- 
hesive force, or tenacity of the rod." 

11. When the particles of which a body is composed do 
not cohere firmly, but move freely in any direction among 
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themBelyes, and hence yield to the slightest impression, 
the body is said to be in s, fluid state. 

12. Fluids may be divided into elastic and non-elastie 
fluids. They are also spoken of as compressible and ium 
compressible, 

13. Air, and all aeri/orm bodies, whether gases or ya« 
pors, belong to the former class of elastic, compressible 
fluids. 

Note. — ^Aeriform means in the form of air, 

14. Water and aU other liquids belong to the class of 
incompressible, non-elastic fluids. 

1 5. Strictly speaking, no known fluid is wholly incom- 
pressible and non-elastic, but all ordinary liquids are suf- 
ficiently nearly so, for us to regard them as such, without 
any sensible error. 

16. Matter exists in the liquid state when its particles 
cohere slightly, but not with sufficient force to prevent them 
separating by the influence of their weight alone. 

1 7. Matter exists in an aeriform state when the particles 
composing it have a mutual repulsion, in consequence of 
which it increases in volume or bulk unless restrained by 
some external pressure. 

18. Heat is the great antagonist to cohesion. As the 
latter draws the particles of matter together, so the former 
tends to drive them asunder. Hence the increase or di- 
minution of heat is the chief cause of the different states 
in which matter exists. 

19. When the cohesion between the particles of a body 
is strong, the body is a solid ;* when the cohesion is neu« 

* Lavoisier thus explained solidity. *' The particles of all bodies 
may be considered as subject to the action of two opposite powers 
attraction and repulsion. So long as the attractive force remains the 
stronger, the body must remain in a state of solidity ; but if, on the 
contrary, heat has so far removed these particles from each other as to 
place them beyond the sphere of attraction, they lose the cohesion^ 
they before had, and the body ceases to exist in the soiid state." 

B 2 
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tralisedf or, at least, yery conBiderably weakened, by the 
inflaence of an increaBed temperature, the body becomes 
liquid ; and when by a still greater increase of heat the 
cohesion is altogether destroyed, and the particles begin to 
repel each other, the body assumes the state of gas or 
vapor. 

20. A gas is a permanently elastic fluid, not changeable 
into a liquid by the ordinary pressure and temperature of 
the atmosphere, as the air. 

21. A vapor is an elastic fluid which is changeable into 
a liquid by ordinary cold, as steam. 

22. The operation of changing the body from the aeri- 
form to the liquid state is termed condensation. 

23. It is to be observed that although some gases are 
permanently elastic under all the circumstances in which 
they have been experimented upon, yet the application of 
unusual pressure or extreme cold to other gases,* changes 
them into the liquid and even into the solid state. 

24. Many substances are capable of appearing under all 
three forms of matter. 

Of this water aflfords a familiar illustration ; for it is 
solid, in the form of ice ; liquid, as water ; and in an 
aeriform state, when converted into steam, or vapor. 

25. Mercury presents another example ; it is liquid at 
ordinary temperatures, but if cooled to 39^ below (f of 
Fahrenheit's thermometer, it becomes solid ; on the other 
hand, if it be heated to 662^ it volatiUze8fOr\iecom&% con- 
verted into vapor. 

26. Other bodies cannot be made to present such 
changes, and hence appear only under two forms. Iron, 

* If the strict distinction between a gas and a vapor, namely, that 
a gas cannot be condensed while a vapor can, is to be rigidly observed, 
these bodies, usually termed gases, must be termed vapors, and their 
number will probably be increased as more powerful modes of con^i 
densation are discovered. 
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for example, thongh capable of being melted, and thus 
taking the liquid form, has never been exhibited in the 
state of vapor. Ether, on the other hand, though a liquid 
which readily evaporates, has not yet been solidified or 
frozen. 

27. It is, however, believed, that it would be possible to 
cause all substances to assume the three physical condi- 
tions of matter, by the action of greater heat or cold than 
can be at present produced, provided such substances are 
not destroyed,''' or, more strictly speaking, decomposed by 
the increase or diminution of temperature. 

28. All bodies, whether solid, liquid, or aeriform, are 
divided by the chemist into two classes, simple and com' 
pound, 

29. Simple bodies are such as cannot be separated into 
parts having different properties. 

30. Compound bodies being made up of simple bodies, 
can be decomposed or divided into their elementary or 
component parts. 

31. "Thus brass is a compound body, and may be 
shown to consist of copper and zinc ; but neither copper 
nor zinc can be separated into any other substances : they 
may be ground, crushed, melted, dissolved, over and over 
again, but the copper can only be made to yield copper, 
and the zinc, zinc.'' These two metals are therefore 
termed simple bodies or elements. 

32. It is not meant to be said that all the bodies now 
called elements are really so, but only, that up to the 
present time, they have resisted every effort to decompose 
them. 



* " It 18 a fundamental principle of all physical knowledge, that we 
can neither create anything, nor destroy anything. We may change 
the fashion and properties of things ; but to form new laws of combi- 
nation, or new species of matter, belongs to the Creator alone. 
— Francis, 
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33. Fire, air, earth, and crater, were for ageg regarded aa 
elements ; bat modern science has proved the latter three 
to be compounds, and the first to be an effect of intense 
chemical action. 

34. The decomposition or taking to pieces of a com- 
pound hodji in order to discover its constituent elements, 
IS called Analysis, from two Greek words, ana, thoroughly, 
and htsis, a loosening. 

35. The formation of a compound by putting together 
the elements of which it is composed, is termed Synthesis, 
also from two Greek words, sun, together, and thesis, a 
placing. 

36. The elements are not all of equal importance, for 
some are found only in very minute quantities in a few 
scarce minerals, while others are continually occurring in 
various combinations, to form the atmosphere, and the 
ocean, together with the great rocky masses of the earth's 
crust, and the organized bodies which live upon its 
surface. 

37. By Organized bodies, we mean animals and plants, 
which live and grow by the help of what are called Organs, 
or leaves, roots, lungs, heart, stomach, &c. 

38. The products formed by these Organs, such as sap, 
sugar, starch, gum, blood, &c., are termed organic sub« 
stances ; and hence the chemistry of plants and animals is 
called Organic Chemistry. 

39. Air, water, and minerals, on the other hand, are 
neither produced, nor continued in being, by means of 
organs ; they are therefore called inorganicho&es, and. the 
branch of chemistry relating to them is termed Inorganic 
Chemistry. 

EXERCISES ON CHAPTER I. 

1. What does Chemistry teach us ? 

2. Of what changes, &c., does it treat? 
8. Of \vhat is matter composed ? 

4. What is attraction of cohesion ? 
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5. Give illastrations of the attraction of cohesion. 

6. Name the different states of matter, and on what they depend. 

7. When does the cohesive force between the particles of a body 

increase? 

8. When is one body harder than another ? 

9. Shew how cUiy is hardened by burning. 

10. When is a body in a solid state ? 

11. When is a body in ajfJuM^-state? 

12. How may fluids be arranged ? 

13. What bodies belong to the dass of flattie fluids ? 

14. To which class do all liquids belong ? 

15. Why is this arrangement of fluids not strictly correct 7 

16. When is a body in a liquid state } 

17. When does matter exist in an aeriform state > 

18. How is heat the antagonist of cohesion ? 

19. How are the physicied conditions of matter influenced by 

temperature ? 

20. What is a gas? 

21. Defaie a vapor. 

22. What is meant by condensation ? 

23. What are the chief agents in condensing aeriform bodies ? 

24. Many substances are capable of appearing under all three con- 
ditions of matter. Give a familiar example. 

25. How does mercury illustrate the same fact ? 

26. Give examples of bodies capable of appearing under only two 
forms. 

27. What is believed in reference to bodies which appearuiider only 
two forms ? 

28. How are all bodies arranged by the chemist ? 

29. What is a Simple body or Element ? 

30. What is a Compound body ? 

31. Give an example of a simple and of a compound body.. 

32. With what limitation is the word Element to be used ? 

33. Why do we no longer regard the ancient division of matterinto 
four elements ? 

34. What is Analysis ? 

35. What is Synthesis ? 

36. Why are some of the elements more important than others ? 

37. What is meant by Organized bodies ? 

38. What is Organic Chemistry i Name some organic products*. 

39. What is Inorganic Chemistry i W)iy are some bodies, tcarfiied 
MwyaMc. bodies f Give examite. 
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CHAPTER II. 

CHBMICAL KOMEKCULTUBE, KOTATIOK, AITD BYlOOLff* 

1. Thb elementary substances at present known are 
tixty-five in number^ and may be conyeniently arranged in 
two groups. 

2. The first group comprises thirteen substances, whidi 
have been termed Non-metallic elements or Metalloids. 

3. The second group includes the remaining fifty-two 
bodies which are known as Metals. Several of these are 
of Tery recent discoyery, and their properties are as yet 
very imperfectly understood. 

4. The following is an alphabetical list of the elements 
in each group, with the letters or symbols by which, for 
the sake of convenience, they are usually distinguished.* 

5. The symbol of each element consists of the first letter 
of its name, in Capital. When the names of several ele- 
ments begin alike, the single capital is reserved for the 
first discovered, or more important element ; the others 
being designated by their initial letter conjoined with a 
small one, usually the most characteristic in the word.f 

6. The names of the elements (with the exception of the 
common metals and one or two others) are generally ex- 
pressive of some leading property. Thus, chlorine^ takes 
its name from its greenish colour, and iodine from its violet 
vapor. All the recently-discovered metals end in um. 

• The most important have been printed in blaek type, and those 
of rsfe oocmrenoe in itoUet. 

f Sometimes the symbol is derived from a Latin name, having as 
initial different from that of its ordinary name. In such cases, the 
Latin name has been g;iven in parentheses. 

t Chlorine, from x^^f^t greenish yellow; iodine, from loy, a 
violet. 
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Table or Elemsktabt Substaitcbs. 
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if 

Triatomic 
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99 • • 

»» • • 

>f • • 

»» • • 

Diatomic . . 

$» • • 

99 • • 

» • • 



Naicbs op thb 
Elehbnts. 

MSTALLOIDS. 

Bromine 

Chlorine 

Fluorine 

Hydrogen 

Iodine 

Oxygen 

Selenium .. .« 

Snlphnr 

Boron 

Nitrogen 

Fhospnonu . . . . 

Carbon 

Silicon 

Metals. 

Ccesium 
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Potassium (Ealium) . . 
Rubidium .. ... .. 

Silver (Argentnm) . . 
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Barium 
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inrHBXBs. 


Br. 


80 


CI. 


85.5 


F. 


19 


H. 


1 


I. 


127 


0. 


16 


Se. 


79.5 


S. 


^ 82 


B. 


11 


N. 


14 


P. 


81 


C. 


12 


Si. 


28 


Cs. 


138 


Li. 


7 


K. 


89 


Rb. 


85.4^ 


Ag. 


108 


Na. 


23 


'n. 


204 


Ba. 


137 


Cd. 


112 


Ca. 


40 


Ce. 


92 


Cr. 


52.5 


Co. 


59 


Cu. 


63.5 


Di. 


96 
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Table of Elbmbittaby Subbtajtceb— con^tnve^. 



SQUIYALIirT 

Power. 



Diatomic . . 



f» 

$9 
99 
9* 
99 

9» 
9» 
99 



* ■ 
■ ■ 

« • 



Triatomic . . 



99 
99 
99 
99 
99 



Tetratomic . . 



99 
99 
99 
99 

99 



TJndetermined 



99 
99 
99 
99 
99 
99 



JSambb of thb 
Elembkts. 



Glueinum .. 

Iron 

Lanthanum . . 

Lead .. .. .. 

Magneaiiini 

Manganese • . 

Mercury (Hydrargyrum) 

Nickel 

Palladium 

Strontium 

Tellurium 

Thorium 

Uranium 

Zinc 

Aluminum 

Antimony (Stibium) . . 

Arsenic 

Bismuth . . . . 
Gold (Aurum) . . . . 
Rhodium . . . . . . 

Niobium 

Platinum 

Tantalum 

Tin (Stannum) . . . . 

Titanium 

Zirconium .. 

Erbium 

Indium 

Iridium 

Molybdenum 

Norium 

Oemium 

RutJ^eniwn 



STliBOLS. 



G. 

Fe. 

Ln. 

Pb. 

Mg. 

Mn. 

%• 

Nl 

Pd. 

Sr. 

Te. 

Th. 

U. 

Zn. 

Al. 

Sb. 

As. 

Bi. 

Au. 

R. 

Nb. 

Pt. 

Ta. 

Sn. 

Ti. 

Zr. 

E. 

In. 

If. 

Mo. 

No. 

Os. 

Bu. 



COMBINING 
KUliBBBS. 



14 

66 

92.8 
207 

24 

55 
200 

59 
106.5 

87.5 
129 
119 
120 

65.2 

27.5 
122 

75 
210 
197 
104.2 

97.5 
197 
137.6 
118 
50 
89.6 

? 
71.8 
198 
96 

? 
199 
104.2 
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Elsmevtauy SvBSTAsroBS — continued. 


EqUIYATiENT 
POWEB. 


[Names op the 
Elements. 


SYMBOLS. 


ooMBnriNO 

NUMBEB8. 


Undetermined 

99 
99 
99 


Terbium . . . «. . . 
Tungsten (Wolframittm) 
Vanadium . . 
Yttrium 


Tb. 
W. 
V. 
Y. 


t 
184 

137.2 
68 



7« All the elemementary bodies may be regarded as 
made up of small particles or atoms, differing from each 
other in weight, 

8. The atom is to be regarded as incapable of existing 
in a separate state, so that whenever a substance is spoken 
of as uncombinedy or in a i&ee state, a double atom, or mole* 
cule, is intended. 

Thus, though one atom of Chlorine (01) may unifce with* one 
atom of Sodium (Na) to form Chloride of Sodium (NaCl), or 
common salt, Chlorine when spoken of as in a free state, is to be 
treated as a molecule or double atom (ClCl). 

Similarly, free Hydrogen will be symbolized, as HH$ free Oxy- 
gen as 00 ; and so on. 

9. The numbers in the fourth column of the preceding 
table, represent the proportions by weight in which the 
different elements combine with each other, and are, there- 
fore, termed Combining proportions, or Combining weights, 

10. As these numbers are considered to represent the 
proportionate weights of an atom, or equal volume of each 
element, they have been also termed Atomic weights. 

The term equivalent was, till lately, used as synonymous with 
atomic weight or combining proportion, as it was believed that 
bodies replaced each other in chemical combinations in the propor- 
tion of their atomic weights. (Chap. zvii. § 8.) 

11. Hydrogen being the lightest of the elements, is 
taken as the standard of weight and volume, and all other 
elements are compared with it. 
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12. Since a given yolume of Oxygen is 16 times as 
heavy as an equal yolnme of Hydrogen, the atomic 
weights, or combining proportions, of Oxygen and Hydro- 
gen are taken respectiyely as 16 and 1. 

Similarly, since Chlorine is 36} times as heavy as an eqnal yolnme 
of Hydrogen — ^Nitrogen, 14 times^-Oarbon yaponr 12 times — Sul- 
phur vapour (at 1900° F.)» 32 times^the numbers 85.5, 14, 12, 32 
are taken as the atomic weights or combining proportions of Chlo- 
rine, Nitrogen, Carbon and Sulphur, respectiyely. 

13. The volume or space which the combining weight of 
a gas occupies, is called the Atomic^ or Chmhining Volume^ 
of that gas. (Chap. ix. § 17* &c.) 

14. The symbol of each element is a short way of 
writing its name, and represents one atom or combining 
proportion of it. 

15. The mjmhol of a compound is formed by writing 
together the symbols of the elements which compose it. 

16. The combining weight of a compound is obtained 
by adding together the combining weights of its compo- 
nent parts ; thus : — 

Common Salt, or NaCl = 68.5 ; for Na + CI = 23 + 35.5 = 58.5. 

CaxuiUo Potass, or KHO = 56.1 ; for £+H + 0= 89.1 + 1 + 16 = 
56.1. 

Qniok lime, or CaO = 56 ; for Ca+O = 40+16 = 56. 

Vermilion, or HgS = 282; for Hg + S = 200+82 = 282. 

17. If, in writing the symbol of a compound body» 
more than one atom of an element has to be expressed, it 
is done by placing a small figure to the right of and below 
the symbol ; thus :-— 

Water, or HjO = 18 ; for 2H+ O = 2 + 16 = 18. 

Chalk, or CaCOs = 100; for Ca+C + 30 = 40 + 12 + 48 = 100. 

aaltpetre, or KNOs =101.1 ; for K + N + 30=39.1 + 14 + 48=101.1. 

8iilphurioAoid,orHsS04=98;for2H+S + 40 = 2 + 82 + 64 = 98. 

iTmar-caustie, or AgNO* s= 170 ; for Ag + N + 80 = 108 + 14 + 4S 
= 170. 
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18. A large figure placed to the left of a group of two 
or more symbols, multiplies all the symbols which follow it, 
so far as the first comma, full stop, or sign of addition; 
thus :— 

8H3O or 3(HsO) means 8 atoms of water, or H3O -I- H3O -l- HsO, 
=:6H-i-30. 

2KN'03 or 2(EN08) means 2 atoms of nitrate of potassium, or 
saltpetre, or KNOs+KNO, = 2K+2N + eO. 

Sugar of Lead is composed of 1 atom of lead and 2 atoms of 
acetic add, and may be expressed by 

Pb 2(C3H305), t.c. Pb + 4C + 6H + 40. 

19. Combination between bodies themselves compound 
is often indicated by a comma or sign of addition placed 
between them ; thus : — 

Sed Lead may be written 2 PbO, PbO,, or more strictly, Pb804. 
Common Alimi, AI23SO4, E3SO4+ 24HsO. 
Xalachite, CuO, H3O + CuCOs. 

20. A collection of chemical symbols like the foregoing 
examples, is called d^ formula ; and such a formula may be 
either empirical or rational* 

21. An empirical formula is a simple enumeration of 
the elements composing a compound body, and the pro- 
portions in which they occur. 

22. A rational formula attempts to show by the partic- 
ular arrangement of the symbols, the mode in which the 
body is believed to be composed. 

Thus, the empiric formula for slaked lime is CaHsOj, but the ra- 
tional formula CaO, HjO shows that it consists of Lime (CaO), and 
Water (H2O), and that it is a Hydrate of Lime. 

Again, the empiric formula for Bed Lead is Pb304, for it consists 
of 3 atoms of Lead and 4 of Oxygen ; but a rational formula for it 
would be (2PbO, PbOa), which expresses that it consists of 2 atoms 
of the protoxide of lead combined with 1 atom of the peroxide. 

N.B.— -A body can have but one empirical formula, but 
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it may be rqpresented by Tftrions rational fonxmln accord* 
ing to the different ideas entertained as to the arrangement 
of its component parts. 

EXERCISES ON CHAPTER II. 

1. How many elements are there, and how may they be arranged ^ 

2. What element! form the group of metalloids ? 

3. What elements are included in the second group ? 

4. What is meant by the letters in the second column of the list ? 

5. How are the symbols formed, and from what are they sometimes 
derived ? 

6. How do you account for the names of some of the elements ? 

7. Of what do the elementary bodies consist ? 

8. What is meant by a molecule of a body ? 

9. What is meant by combining proportions or weights ? 

10. Why are these numbers called atomic weights ? 

11. What element is taken as the standard of weight and volume ? 

12. How are the atomic weights, or combining proportions ascer* 
tained ? 

13. What is meant by the atomic Tolume of a gaseous body ? 

14. What does the symbol of each element mean ? 

15. How is the symbol of a compound body written ? 

16. How is the combining weight of a compound found ? 

17. How is more than one atom to be expressed ? 

18. What effect has a figure to the left of a group of symbols ? 

19. How is combination between compounds sometimes indicated h 

20. What is a chemical formula ? 

21. What is meant by an " empiric formula" ? 

22. When is a formula said to be <' rational " ? 
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CHAPTER III. 



CHEMICAL AEPINITT. 



1. Ths sixty-five elements enumerated in the preceding* 
chapter have heen called the Alphabet of the Science of 
Chemistry, for as the letters of the alphabet may be joined 
together to forni words, so these elements may be united 
to form compounds. (Synthesis.) 

2. Each word in a language is made up of two or mor& 
letters, into which it can be separated; (Analysis); but 
the letters themselves cannot be divided. (Elements.) 

3. Some letters occur more frequently than others ; for 
instance, we find one or more of the vowels, a, e, i, o; u, 
and y, in every word ; while the consonants, j. q, x, and z, 
are seldom met with. So it is with the chemical elements ; 
for Oxygen, Hydrogen, Nitrogen, Carbon, and a few more,, 
are found in a large number of compounds ; whilst Sele- 
nium, Cerium, Titanium, &c., occur but rarely. 

4. The power or force by which elementary bodies are 
united in order to form compounds, is termed Chemical 
attraction, or affinity. 

5. Chemical affinity may be defined as, that power by 
which particles of different kinds of matter combine to 
form a compound always possessing some properties very 
different from those of its component elements. 

6. Chemical affinity differs from the attraction of gravi- 
tation, in not acting on masses of matter at sensible dis" 
tances, but only on the particles of matter in close contacts 

7. Chemical affinitv differs from the attraction of cohesion 
in uniting particles of different kinds of matter, while the 
attraction of cohesion keeps together only particles of the 
same kind. 

8. Although none but dissimilar boc^ies unite by chemical 
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affinity, mere diBgimilarity will not of itself ensure union : 
thus, sand and sawdast, salt and sugar, oil and water, 
though very different bodies, cannot be made to unite ; 
hence, they are said to have no affinity for each other. 

9. Bodies which have no affinity for each other may be 
mixed together, but their mixture is merely mechanical, and 
no change of properties takes place. 

Ex. a. — Put into a glass some oil and water ; however much they 
may be stirred or shaken together, the mixture will be simply mecban- 
iecd, as will be evident by their soon separating when the agitation 
ceases, the oil floating on the top of the water as at first. 

Ex. b. — Add to the oil and water a little pearlash or soda, stir the 
mixture as before, and the three will unite chemically, forming a so- 
lution of soap. 

Ex. e. — To the solution thus formed add a little diluted sulphuric 
4tcid. The acid will decompose the soap, and unite with the pearlash 
or the soda, while the separated oil wiU once more float on the surface; 
of the liquid. 

10. From the last experiment we learn that chemical at- 
traction acts among dif&rent bodies with different degrees 
of force. 

1 1 . The simplest cases of chemical affinity are those in 
which two elements unite to form a binary compound : that 
IS, one which contains only two different kinds of matter. 

Ex. d. — Cut two or three small pieces of phosphorus (P), place them 
on a tile or plate, and when dry throw a little iodine (I) upon them. 
The two elements will combine, heat will be given out, part of the 
phosphorus will be inflamed, part of the iodine will go oflf in vapour, 
and the remainder will form iodide of phosphorus. (PI3) . 

£x. e. — ^Bub together in a morl!ar, for some time, two parts by 
weight of sulphur (S) and one of mercury (Hg). The yellow colour 
of the one, and the brilliant metallic lustre of the other, will disap- 
pear ; the two elements having combined to form a black powder (suU 
phuret of mercury) formerly called iEthiops mineral (Hg SJ 

If the sulphur be melted in a ladle and the mercury added, the same 
l)lack substance will be formed, only in less time. 

Ex./. — ^Mix together some tinfoil and a globule or two of mercury. 
The two metallic elements will unite and form a pasty mass or amalgam, 
«imilar to that which is at the back of a looking-glass. 
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12. The power by which two elements combine has been 
termed Simple or Single Affinity; the same power may 
also be exerted between two compounds, and in exceptional 
cases, between an elementary and a compound substance. 

Thus sulphur (S) and iron (Fe), each an element, readily 
unite> when heated, forming salphuret of iron, Fe' S ) 
sulphuric acid (H3SO4) and oxide of iron (Fe 0), each a 
compound body, combine with ease to form sulphate of 
Iron (Fe SO4) : — ^but the simple body, sulphur, does not 
combine with the compound, oxide of iron, neither does 
pure iron unite with sulphuric acid. 

13. Hence the important rule which holds good, in inor- 
ganic chemistry, with but few exceptions, that elements 
combine only vnth elements, and compounds only with com» 
pounds, 

14. It not unfrequently happens that when two com- 
pound bodies are mixed together, each is decomposed, and 
two new compounds are formed totally distinct from the 
former. This has been termed Double decomposition. 

£r. p, — ^Into a solution of acetate of lead, conaUtiiig of acetic acid 
and oxide of lead, pour some solution of chromateof potassium, which, 
consists of chromic add and potassiuou A beautiful yellow powder will 
be formed, which is chromate of lead or chrome yellow, while acetate 
of potassium will remain in solution. 

Here we have an interchange of the constituent parts of the two 
solutions, as shown in the following diagram^ 

Acetate of Potassium. 
Acetic Adi Potassium. 1 Chromate 

r ^^ 

Lead. Chromic Acii J Potassiunu 

Chromate of Lead. 

The same decomposition may be thus expressed by symbols :— . 

Pb Aj+KaCr O4 = 2KA+Pb Cr O4. 

£z, k. — ^Into a solution of chloride of mercury pour some solution 
of iodide of potassium ; a beautiful yermilion precipitate is obtained. 

c 
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The chlorine oi the chloride of mercury has united with the potasnum 
of the iodide of potassium, while the iodine has combined with the 
mercury, forming the beautifully coloured iodide of mercury. 

Chloride of Potassium*. 



Iodide f Patassimn. Chlorine. 1 ^'^^ 

of S > of 

Iodine. Mercury. _, 

Potassinm. Lv_^ ^ fJ mercury. 

Iodide of Mercury. 

Or symbolically, thus :— 

2KI+HgCl2 = 2KCL +HgI„ 

15. From the foregoing experiments, it ivill be seen 
that chemical affinity alters not merely the nature of bodies, 
but also their form and color. It likewise produces change 
of temperature, of volume, of taste,. of smell. 

Ex, t. — Put a drop or two of hydrochloric acid (HCl) into a small 
glass jar or wine-glats, and. a drop or two of ammonia (NH|()intc 
another ; iuTcrt one glass over . the other, the two invisible gases 
emitted will unite, forming white fumes of chloride of ammonium, 
which will in a little time settle on the sides of the glass in a solid form. 
Thus two gases form a solid. 

Ex. k. — ^Put a little hydrochloric acid (HCl) into a glass, and a few 
small pieces of chalk (CaCOa). A brisk effervescence ensues^ for a 
portipn of the solid chalk (CO,) passes off in the form of a gas. 

Thus chemical affinity has power to change a solid into a gas. 

Ex, I, — Pour into another glass some of the solution formed in the 
last experiment, — chloride of calcium (CaCIj) — and add a few drops 
of sulphuric acid (H3SO4) ; a white solid is produced, which is sul- 
phate of calcium, — ^plaster of Paris, or gypsum (CaSO^. 

Here we see two liquids have formed a solid. 

Ex, m. — Put into a mortar equal weights of sulphate of sodium 
{HsL^O^ and nitrate Of ammonium (NH4NO3). These two aolid 
substances will, when rubbed together, gradually become fluid. 

Ex, n. — Dissolve some loaf sugar in a tery small quantity of hot 
water, so as to make a thick 6yrup» leaving some undissolved sugar at 
the bottom of the glass, which should be a somewhat tall one ; add 
some ttronff sulphuric acid : the sugar will become black, being rapidlv 
converted into charcoaL Sugar is composed of charcoal or carbon 
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and the elements of water ; the strong acid unites with the water, and 
sets free a sufficient amount of heat to evaporate it, while the carboa. 
is left behind. 

In this experiment we have, first, a chang;e of temperature ; secondly, 
a liquid oonverted into vapor ; and, thirdly, a liquid changed into a 
solid. 

16. There are several causes which control chemical 
affinity, such as cohesion, heat, light, electricity, &c. 

17. Since chepaical affinity acts upon particles of different 
kinds of matter in close contact, the force of cohesion which 
unites particles of the same kind in masses, must he a hin- 
drance to chemical action. Solid substances^ even when 
finely powdered and mixed, very seldom comhine chemi«> 
cally. Cohesion must, in most cases, be first overeome by« 
dissolving one or hoth of the solids in a liquid, so that when 
the solutions are mixed, the particles may be brought into 
immedia,te contact. 

Ex. o. — Mix together some tartaric acid and .carbonate- of soda 
(Na^COj), both quite dry^ no action will ensue ; put some of the miKr.. 
tare into a glass of water, and effervescence arises immediately through/, 
the decomposition of the soda compound, and the escape of carbonic 
add gas (CO2). 

18. Heat is generally the great opponent of affinity; since 
the latter draw^ the particles of matter together, .while lieat • 
tends to drive them asunder, and by thus separating them 
from each other, often weakens and destroys their chemical- 
union. 

19- When the affinities which hold togetlwr the compo- 
nent elements of a compound body, have been destroyed . 
by the application of a given degree of heat, other affinities . 
come into action, and the elements arrange^themselK^s into 
new combinations. 

Thus all organic substances, as, wood, oil, tallow, &q,, 
are decomposed by heat 3 but at the same, time other com^ 
pounds are formed, for no particle of matter can be de*. 
Btroyed. 

20. Heat, by melting solid substances, and thus bring- 
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ing them into a liquid state, not unfrequently promoter 
chemical union. 

Thus soda and sand may be mixed together without com- 
bining ; but if the Dodxture be exposed to a red heat, it fuses* 
and Uien the sand and soda unite, forming a transparent 
gkss. 

21. Light has a powerful influence on the affinities 
between certain bodies. Hydrogen and chlorine gases will 
not unite if mixed together in the dark ; but if brought inta 
the sunshine they combine with explosion. 

22. All photographic processes depend upon the chem- 
ical action exerted by certain of the rays of light upon 
various substances (generally compounds of silver) spread 
upon paper, glass, &c. 

23. Electricity greatly influences affinity ; mdeed it has; 
by many persons, been supposed to be the foundation of 
aU chemical action. Electrical currents from the galvanic 
battery are among the most powerful means of producing^ 
chemical decomposition. 

Ex, p, — ^When two slips of platinum foil are dipped into a glass of 
water, to which a little sulphuric acid has been added, to make it a 
better conductor, and the slips connected by wires with the ends of a 
galvanic battery in action, the water is decomposed, bubbles of oxygen 
appearing at one slip (the positive), and hydrogen at the other (the 
negative), in the proportions of one, by measure, of the former gas ta 
two of the latter. 

24. Electro-plating, electro-gilding, and the electrotype 
process, are practical applications of the principle of chem-^ 
ical decomposition by the galvanic current. 

25. Elements presented to each other in what is termed 
the nascent'^ state, that is, at the moment they are set free- 
from their previous combinations, often enter into new com- 
binations which cannot be formed under other circum* 
stances. 

Thus hydrogen and nitrogen will not unite, though min- 

• Naseentf from nasci, to be born. 
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gled in the same vessel ; but when these two gases are 
liberated together, by the decomposition of animal and 
vegetable matter, as in a manure heap, they readily com- 
bine to form ammonia (NHs). 

26. Sometimes a body by its mere presence or contact, 
induces changes in another, without itself undergoing any 
change. This peculiar action has been called catalyHa,* or 
jaresence^'actiou. The reasons for it are not fully understood. 

Thus in preparing oxygen from a mixture of chlorate of 
potass and manganese, the manganese suffers no change, 
and yet the gas is obtained much more easily than from me 
4;hlorate of potass alone. 

Ex. q. — Mix a little starch with hot water, it will form a gelatinous 
or jelly-like mass, as used by laundresses. If some of this gelatinous 
starch be mixed in an evaporating basin with dilute sulphuric acid, 
and the mixture kept (by means of a lamp) almoit hi the boiling point 
for a few minutes, it will change into a semitransparent liquid. Now 
remove the lamp and neutralize the acid by stirring in some powdered 
chalk till all effervescence ceases ; filter the liquid and eyaporate. The 
starch has been changed into a kind of gum. This starch-gum is 
called dextrine. 

If the starch and acid be boiled for some time, instead of only 
aimmering, and the add neutralized as before ; on filtering and evapo- 
rating the liquid, a mass of sugar (grape sugar) vnll be formed. No 
portion of the sulphuric acid has been decomposed, neither has it 
suffered any gain or loss, for the sulphate of lime formed contains just 
as much acid as was originally employed. 

27' Chemical affinity is governed by certain general laws, 
the first of which is, that all chemical combination takes 
place in fixed, unchangeable proportions of weight, (Befi.- 
nite Proportions.) 

Thus, the water we drink is composed of two gases. 
Oxygen and Hydrogen : 16 grains, ounces, or pounds of 
Oxygen, unite with 2 grains, ounces, or pounds of Hydrogen, 
to form 18 grains, ounces, or pounds of water. If we 
attempt to form water by uniting these elements in different 
proportions, we shall fail, as a portion of one or other 
•element will remain uncombined. 

* Catalyiit, from Kura-Xvcte, an undoing. 
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28. The seeond kw of Chemical affinity is, that the same 
themkal compound always contains the same elements 
ftmted in the same unvarying proportions. (Ootistancy of 
Composition.) 

Thus pure water at all places and at all seasons, contains 
-the same proportions of its constituent gases. 

29. The third law of Chemical affinity is/ that when ele- 
ments unite to form more combinations than one; the larger 
^antities are multiples of the least by a ^hole number. 
(Midtiple ProportionB.) 

Tfans Oxygen and Nitrogen form a series of five com- 
pounds (as below), which differ essentially in their proper- 
ties ; the amount of nitrogen in each is unchanged, but the 
quantity of Oxygen vaiies as the numbers 16, 32, 48, 64^ 
80, each number being an exact multiple of sixteen. The 
two gases will not combine in any other proportions. 

Protoxide of Hitrogen N3O 28+16 = 44. 

Sentozide of ITitrogen N3O3 28+32 » 60. 

Nitrous Anhydride . NA 28+48 =» 76. 

- Hyponitric Anhydride N2O4 28 + 64 = 92. 

"Nitric Anhydride . . NA 28+80 :== 108. 

EXERCISES ON CHAPTER III. 

1. Why may the elements be termed the A B C of chemistry ? 

2. Illastrate synthesis and analysis by the words of a language. 

3. Name some of the more frequently occurring elements-; also some 
of the rarer ones. 

4. What is meant by chemical affinity ? 

5. What is the effect of chemical affinity ? 

i. How does chemical affinity differ from gravitation ? 
7. How does chemical affinity differ from attraction of cohesion ? 
' 8. When are bodies said to have no affinity for each other ? 
9. What is a mechanical mixture? Give illustrations of the differ- 
ence between meehanical mixture and chemical combination. 

10. Shew that there are different degrees of aiBnity. 

11. What is meant by a binary compound P 

12. What is simple or single affinity ? 

13. State, and illustrate, the fundamental rule of chemical union. 
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14; Explain and iUnstrate what is meant by double decompoaiiioii. 

15. State and illustrate the changes produced by chemical affinity. 

16. Name the causes which influence chemical action. 

17. How does cohesion influence affinity ? 

18. Why does heat often destroy chemical union ? 

19i What becomes of the elements of a body that has been decom- 
posed by heat ? 

20. How does heat sometimes directly promote chemical union ? 

21. How does light influence affinity ? 

22. What is the principle on which photography, depends? 

23. What influence has electricity upon chemical action ? Give an 
example. 

24. On what principle does the art of electro-plating depend ? 

25. Explain and illustrate what is meant by the nascent state of 
bodies. 

26. What is meant by Presence-action, or Catalysis ? 

27. State and explain the law of definite proportioru, 
28« What is meant by of constancy af composition / 
29. Explain the law of multiple proportions. 



CHAPTER IV. 

METALLOIDS. 
OXYGEN. 
Stfmhol 0. Combining equivalent 16. 

1. Oxygen at the common temperature is a colour- 
less, tasteless, inodorous gas. It was discoyered by Dr. 
Priestly, in 1774, and by Scheele, a Swedish ckemist^ about 
the same time. 

2. It i¥as at first called dephlogisticated air. The term 
Oxygen was given to it by Lavoisier, a French chemist, who 
thought that the acid (Chap, vii.) properties of bodies 
-were due to this ekment. The term Oxygen signifies acid" 
producer, (o^wtf, sharp ; yswau, I produce.) 

3. Oxygen is the most widely distributed body in nature ; 
it forms one-fifth part by volume of all the air ; eight- 
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Bindu, by wngfat, of all tbe water ; one-half of all the BoUd 

cnut of the globe ; and more tlun one-half of all living 

planta and auimala. 

4. Prepttratian- 
—If a little red 
oxide of Uercuiy, 
HgO, be heated in a 
test tabe ah, (he af- 
finity whidi holds 
the Oxygen to the 
Hercnry ia so feeble, 
that expoeore to 
heat resolTes the 
compound into oxy- 
gen gas and metalUc 
mercury : thus, De- 
compotitum ; — HgO 
=Hg-l-0. 
"«->■ 5. The ga» may 

be collected in a jar c, orer water at the pneumatic* trongl^ 

* " TiepMiaiatie trough, flg.2, ii atin 
box, 10 in. wide bf 14 long. Ituwithoata 
top, but hu > ihelf extending over n part of 
iti inrfice, and teited dd > idiiJI ihiUow 
ledge futened to the lidea of the box, bo 
th*t the (op of the tbel( may be from 1 to 
2 incbea beneath the upper edge of the box , 
throagh the ihelf are two or three hole*, to 
which are attached on the under iniface as 
many small fnnaeli of tin at repreaented in 
the cat. Siippoaing gai ii iuning out of 
the beak of a retoit, and that beaJc were 
placed beneath the fuiuiel, the ihelf being 
coreied with water ; it ii CTident that the 
gaa would pan throngh the funnelled hute 
and aKend into the air it the hole were 
oncoTered, or elae into a gai jar 4tf otber 
leuel placed over the hole. Alto in paning 

.i 1. .i .^_ f^y^ j^ beeomea purified 

'^itronglL 
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the metallic mercary condentea in globules oa tlie cool 
part of the tube. A tolerably large tube ahoald be naed 
in tbia experiment. The arrangement ia ihown iu the 
figure. This method of obtaining the gaa is seldom adopted, 
owing to the expeuBe of the oxide of mercury. It is inter- 
esting aa being the mode in which it was first obtained by 
Priestly and Scheele. 

6. A more economical method is by mixing about four 
parta by weight, of chlorate of potaasiuni (KClO,) with one 
part of the binoxide of manganese (MdO^. These mate- 
rials should be well mixed and dried, then introduced into 
& retort, as i>, or into 
a Florence flasic, fur- 
nished with a proper 
tube for delivering 
the gas, which must 
be collected over 
water at the pneu> 
matic troDgh, a, as 
before. Heat should 
be applied gradually, 
since if this precau- 
tion be neglected the ^- *• 
flask is likely to be broken. In a few minutes the gas 
comes off in great abundance. The jara intended to receive 



"Initeid of tin, acom- 
moD wooden box mty be 
Died. II ii onljr necn- 
tarj thit it ihould b« 
water-tight, uid ■ com- 
•non box may be euily 
tnade so, by running > 
little pitch or s mixture of reain and wax tloag the nriout joints — 
even a washing baiin with a imall thne-legged itool itanding in it will 
aniwer every pnrpoM. A )msll foot tub maliei an excellent (roDgh, 
and a small garden pot, with a hole made in the tide to receiie iba 
break of the retort, will make an eqnally excellent shelf to it, w easy 
B it to tad chemical appsratni." — R-meU, 
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the gas, as e, should istand filled with water, on the shelf 
of the trough B^read';^ to be used at once, as 'the gas ge- 
nerally comes over with great rapidity, and mucb would 
otherwise be wasted. 

Deeompontion : — KCIO3 = KCl + 30. 

7. The manganese in this case undergoed no change, it 
acts by mere contact (catalysis). The decomposition of the 

'ehlorateof potassium in the presence of the manganese takes 
place at a much lower temperature than if it were used 
alone, for then a heat would be required sufficient to soften, 
if not melt, the glass iask. 

Ex. a.*^Pat a sttmll qaafitity oC 
chlorate of potasnnm iatoatett tabs 
and hold it by 11 wire over a lamp. 
If when the chlorate is boiling and 
the gas is rising, a slip of burning 
wood be held above the chlorate 
and in the gas, the brilliancy of the 
flame will be increased ; if the 
burning wood be aUowed to fall 
into the melted chlorate, a sodden 
deflagration takes place. 
Fig. 6. 

8. Another method sometimes adopted for obtaining 
Oxygen, when absolute purity is not required, is to heat to 
redness in an iron bottle or gunbarrel some of the binoxide 
of manganese (MnOj). The manganese oxide, at this high 
temperature, undergoes decomposition, but differs, how- 
ever, from the red oxide of mercury in not yielding up the 
whole of its Oxygen. 

9. In this decomposition, 3 atoms of the Binoxide of 
manganese (MnOj) are resolved into one atom of the Pro- 
toxide of manganese (MnO) ; one atom of the Sesqui- 
ozide of manganese (MnjOa) : and a molecule^ or double 
atom of Oxygen Gas, 00, thus : — 

3MnOa=MnO+Mn203+20. 

10. The most striking property of Oxygen is its power 
of supporting combustion. 




mTAixonn.— ozi axs. 

Mw. i. — FulCQ a pieceof eutdleorUper to atrir 
MBTM it ID a jar of oiygcn gu ; it will 
bum with tnnch more Lfaan its usual 
brightness. If tbs taper be id 
citiDgniabed, is to leate (he nick 
red hot, and tbea immersed. It will be 
instantly relighled. The taper may be 
Ihtt* extinguished and lighted again 
tCTGiBl times with tbe same jar. 

Sm. e. — HemoTe a jar of oi^n gas 
{romthe shelf af the pneumatic trougb, 
t^ sliding it, with its month stilt under 
water, into a plate or sancer, and then 
lifting theirhole together. Phioaln ade- 
fl^^tiDgspo4in,fig.7,apiece of sulphur 
aboat the lize of a pea, light it by the 
lamp, and immerse it in the jar of gu, 
taldng out the stopper, which should 
bare been well greased before-hand, to 
prevent its stieking. The sulphur will 
bom with a beautiful blue flame, and 
the jar will be filled with a vapour 
which is sulphurous acid (SOs)*fbnned 
by the combina^n of the sulphur 
with the oiygen. 

fir. d. — Instead of lulphar introduce 
a piece of charcoal previous!; ignited 
at the spirit lamp. It will bum rapidly, 
forming carbonic acid (COs).* If the 
charcoal have tbe bark on, it will bum ng. T> 
with very brilliant sdntillations ; Gg.8. 

£r, t. — Pot into a deflagrating 
spoon a piece of phosphoms about tbe 
size of a split pea, previously dried be- 
tween the folds of blotting paper with 
as Httle handling as possible; ignite 
the phosphorni by tonchmg it with a 
red hot wire, and immerse it quickly, 
bst steadily, into a jar of Oxygen, to 
about two-thirds of the depth of the 
jw ; fig. 9. The Pbospbonn will burn 
with a light so intense that the eye can 
scarcely hear it; the jar will be filled 




JfK 



• Or, I 



e correctly, Sulphurous and Carbonic anhydride. 
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with Tfhite doudi o( Phmphotic inbjdiide (PjOJ, "hWi •&« toow 
time will diiulve ia ibe «>ler. 

a. /.—A luece of iron wire (dlled binding wire) 

mtj be twiited iuto ■ >piral focm Lke a cork-acrcw, 
•nd about the dkmetci of a le^ pencil. The end of 
the «piiil wire (hould be dipped in sulphnr, or at- 
Uched to « dry ■plinter of wood md ignited. When 
introduced into ■ jw of oiygen, the »ulphup or wood 
kindlea the iron, which bnrni with greit briUiucjr, 
while large nielt«d dropi of the bUck oiide of iron 
(Fei Of) bU to the bottom of the jar.* 
Tig. 10. 

11. All the foregoing experiments are caaea of com- 
buation. Combustion is the combinHtion of two or more 
bodies attended by light and heat; it is the reaolt of intense 
chemical action. 

12. In each of the aboTe instances the light and heat 
are produced by the chemical union of oxygen with the 
banung body, the weight of which is increased exactly in 
proportion to the quantity of oxygen consumed. 

13. Combustion in oxygen is the same in character as 
combustion in air ; and the same products are formed. It 
is, however, much slower in the latter case because the 
oxygen of the atmosphere ia diluted with four timea its 
bulk of nitrogen. 

14. Oxygen is the universal supporter of respiration, and 
if hence the great supporter of life. The lungs of land 
animals and the gills of fiah are both adapted to the same 

* V/hen thete eipeiimenta are gitren at the lectore table, the gu jar 
•hould not hold lesi than three pintt, the phoiphoiua and aulphur 
abould he introduced in a deflagrating ipoon ; the charcoal ahould be 
■■cured to a piece of wire, and the other end attached to a cork. The 
end of the iron apiral ahould alao be attached to a cork, but there ahoold 
be 1 piece of tin, or other metal, under the cork, to keep the Utt«r from 
catching Gre. 

Theie experimanta are beit aeeo lu a dark room. If imaller jan be 
uied, the piece* of combuatible material muit be reduced in siie. 



ICBTALLOIDS.— OXTGSir. 29 

purpose — to absorb oxygen; the former from the Ktmo- 
spbere, the latter from the water. 

15. Pare oxygen, however, is not suited to sustain animal 
life ; its effect is too powerful ; oyer-excitement, feyer, and 
in a short time death, would be the result of living in an 
atmosphere of undiluted oxygen. 

16. If a living animal were introduced into a jar of oxygen, 
the circulation of the blood would be quickened, the respi- 
ration would be more frequent, the eyes would dilate, the 
blood vessels burst, and the poor creature die : it would, 
indeed, have been living too fSut. 

17. Oxygen gas is slightly soluble in water. This is of 
great importance to those plants and animals which live in 
water and are dependent on the dissolved oxygen of the 
water for the air Uiey breathe. 

18. Fishes die if placed in water deprived of its oxygen 
by boiling or otherwise. Hence, in an aquarium, it is 
necessary either to change the water frequently, or to pro- 
vide a supply of living plants, which in their process of 
growth give out oxygen ; this is absorbed by the water, 
and respired by the fish through their gills or breathing, 
apparatus. 

EXERCISES ON CHAPTER IV. 

1. Oive the symbol and combining weight of oxygen. By whon^ 
was oxygen discovered, and when ? 

2. Whence does oxygen derive its name ? 

3. Shew that oxygen is the most widely-diffused body in nature. 

4. What is meant by HgO ', and how may oxygen be obtained from. 

a? 

5. Why is the HgO process interesting ? Why is it not usually 
adopted ? 

6. Explain the process of obtaining oxygen from a mixture of chlo-^ 
rate of potassium and binoxide of manganese. 

7. What is the advantage of using binoxide of manganese with the 
chlorate of potassium P 

8. How may oxygen be obtained from binoxide of manganese- 
alone ? In what respect does this process differ from that with the 
red oxide of mercury P 
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9. Give the formula for the decomposition of binoxide of manga- 
nete» and explain its meaning. 

10. State and illnstrate the most striking property of oxygen. 

11. Define eombuition. 

12. How are the light and heat produced, in combustion ? 

13. In what respects does combustion in oxygen gas resemble, or 
differ from, combustion in common air ? 

14. What relation has oxygen to animal life } 

15. Why would an atmosphere of pure oxygen be injurious ? 

16. What would be the effect on an animal if it breathed only pizre 
oxygen ? 

17. Why is the-Bolubility of oxygen in water important? 

18. Of what use are living plantain tAiaquariumP 



CHAPTER V. 

HTDBOGEK« 

Symbol H. Combining equivalent 1. 

1 • Hydrogen U a gas at all known temperatuces^ It 
18 colourless, tasteless, and without odour when pure, and 
the lightest body known, being 14 times lighter than com- 
mon air. It cannot support combustion or respiration, but 
is itself highly inflammable, burning, however, only in tL« 
presence of oxygen. 

2. Hydrogen was first obtained pure by Mr. Cavendish 
in 1766. Its name signifies water-producer {vdup, -water ; 
ymau, I produce). It is, as its name implies, a constituent 
of water, as well as of all plants and animals. 

3. Tallow, wax, gas, oil, coal, and all substances used 
either for heating or illuminating purposes, are Hydro- 
carbons, i. e. compounds of Hydrogen with another element^ 
Carbon^ 

4. Hydrogen is usually obtained by the decomposition 
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of water, HjO. The simplest .method of doing this^ per* 
Laps, is by passing a galvaaic current through ^ '^ 

the water, whereby it is resolved into its con- 
stituent elements, the hydrogen appearing at 
the negative wire or electrode ( — ), and the 
oxygen at the positive (+) ; the quantity of 
thenydrogen being double thatof the oxygen. 
5. Another method of obtaining hydro- 
gen^ interesting from its simplicity, but too 
expensive to be used on a large scale, is by 

folding up a piece of 
potassium or sodium in 
blotting paper, and 
passing it quickly un- 
der a gas. jar filled 
with water and stand- 
ing mouth downwards 
Fig. 11. on the shelf of the Fig.ii. 

pneumatic trough,or into a test tube. (Fig. 1 1 .) The metal de- 
composes part of the water, uniting with the oxygen to form 
potash, K2O, or soda, NagO, which is dissolved in the re- 
maining water ; while the hydrogen rises to the top of the 
jar as a gas., 

6. Decomposition : K+H2O = KHO-fH 5 

Na+H20=-NaH0 + H. 

7. The presence of the dissolved potash or soda may be 
shewn by the restoration of the blue color to a piece of 
litmus paper previously reddened by an acid. 

8. The presence of the gas may be shewn by removing the 
tube or jar from the water, having previously closed the 
mouth with the finger or a plate, inverting the jar, removing 
the covering, and applying a light, when the hydrogen will 
bum with a pale fiame. 

9. Iron at a red heat decomposes water, so if steam be 
made to pass from a flask u, through a red hot gun 
barrel a b, or porcelain tube filled with iron filings, it 



Vill be decoiapo«ed into its elementa, the oxygen nniting 
with the iron, wlule the hydrogen e»capeB through the 
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10. In this proccM four atoms of water are decompoBcd 
hy three atoms of iron, forming one atom of black oxide of 
iron, and liberating 8 atoms of hydrogen gas. 
4H,0+3Fe = FeA+8H. 

1 1 . The best method of preparing this gas is the follow* 
ing :— Take a iride-neclced bottle fitted with a good sound 

cork, perforated nith two boles, one to 
admit a tube for the escape of the gas, 
and the other for a funnel which should 

gus nearly to the bottom of the bottle. 
Dt B few pieces of granulated zinc or 
I some iron nails into the bottle, and pour 
I in some dilute salpburic acid through 
the funnel ; gas will be rapidly given off, 
' and may be collected at the pneumatic 

^* "■ trough in jars filled with water, 

12. Care most be taken that the jars or other vessels in 
which the gas is collected contain no air, as hydrogen 
forms an explosive mixture either with oxygen or with com- 
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For the same reason the first portions of the gas should 
always he allowed to escape, as they are invariably mixed 
with the air contained in the upper part of the bottle. 

13. When zinc is placed in pure water, no chemical 
action is perceptible ; but if a little sulphuric acid be added, 
decomposition of the water takes place, the oxygen of the 
water unites with the zinc, forming oxide of zinc (ZnO), 
which at once combines with the s^phuric acid, while the 
liberated hydrogen escapes as a gas. 

14. Decomposition: — 

H2S04+Zn = ZnS04+2H. 
H,S04+Fe = FeS04+2H. 

Ex. a. — ^Fill a small balloon made of gold-beater's skin with hydro- 
gen ; tie the mouth and let it free, it will immediately rise to the 
ceiliiig of the room ; if out of doors, it will soon fly out of sight and be 
lost. 

£r. b. — Hydrogen is combustible, but not a supporter of combus- 
tion. This fact may be illustrated by introducing a lighted taper into 
ajar of hydrogen held with its mouth downwards : the hydrogen bums 
at the month of the jar, where it is in contact with air, but if the taper 
be moTcd farther into the jar its flame will be extinguished. 

Em, e. — Hydrogen gas may be ignited at a jet as it escapes from 
the bottle in which it is prepared, care being . 

taken that aU the air is expelled before the &^ 

light is applied; it is as well also that the psk ^ 

bottle should be loosely wrapped round with a ^ 
cloth in ease of any accident. 

JEr. d. — If a dry gas jar be held over a jet 
of burning hydrogen, or over any ordinary 
flame, its interior becomes covered with drops 
of moisture. This moisture is due to the union 
of hydrogen and oxygen, forming water. 

JSr. e, — If a bladder be filled with a mix- 
ture of two parts by measure of hydrogen and 
five of air, and a hole made in it with a pin, 
and a lighted taper applied, the mixed gases 
will explode with a loud report. If oxygen be 
used, two volumes of hydrogen should be taken Flgr* li* 

and one of oxygen^ being the proportions in which these gases unite to 
form water. 
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JSIf./ — ^i^ >^ fS^ W o^ bladder proTided with a stop-cock ^th 
the mixture of hydrogen and oxygen already mentioned; attach to it 
a tube or a tobacco-pipe bowl, and blow up some soap babbies in a 
basin ; qfier removing the tube, apply a lighted taper to the frothy 
surface : a yiolent explosion will ensue as before. 

1 5. The flame produced by burning hydrogen is bluish 
or yellowish, and so faint that in daylight it is scarcely 
visible ; it is, howeyer, intensely hot, as may be seen by 
holding a piece of wire or a rod of glass to tlie end of the 
let of burning gas. 

16. The illuminating power of flame is almost entirely 
dependent upon the presence of solid matter in a state of 
combustion or intense ignition. In the hydrogen flame, 
we have two simple ffoses uniting, oxygen and hydrogen, 
giving rise to a vaporous compound, water, in the form of 
steam ; hence we have but httle light ; in a dusty atmo- 
sphere, however, the flame becomes much more luminous, 
by igniting to intense whiteness the floating particles which 
eome into contact with it. 

JEg, g. — Shake some iron filings through the flame as it issues from 
the jet in Ex. c. They will be heated to whiteness, and form a shower 
of brilliant sparks. A piece of chalk sharpened to a point and held in 
the flame will emit a bright light. These experiments prove also the 
intense heat of the flame. 

17. All ordinary flames burning in the air, or in pure 
oxygen, are of necessity hollow, combustion being only the 
energetic union of the substance burned with the surround- 
ing oxygen, and this can evidently only take place in all 
common cases, at the surface of the burning body. 

18. The flame of the mixed gases is, however, solid, for 
the combustible gas and the oxygen are already inter- 
mingled, and only require an increased temperature to 
cause them to combine in every part. 

19. The flame thus produced is termed the oxy-hy- 
drogen flame, and is still less luminous than that of hydro- 
gen alone ; its heat, however, is greatly increased. 
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20. Various means have been employed for bnrning the 
explosive mixture of the two gases with safety. 
Sometimes two gas holders or gas bags are used, 
one for each gas ; the tubes from these reservoirs 
meet in another tube or jet, where the gases 
mix in very small quantity; fig. 15. 

21. Sometimes a jet of peculiar construction 
called Hemming's jet, is employed, in which the 
gases, previously mixed in a bag, are forced 
through a tube filled with fine wires, which pre- 
vent the passage of the flame to the gas bag. 

22. Another and more economical mode of using the 
two gases, and perfectly safe, is shewn in the diagram. 




Fig. 16* 




Fig. 16. 

The bag is filled with oxygen, which can be forced from 
it by the pressure of the weight ; hydrogen is generated 
from zinc in the bottle, allowed as usual to pass through 
sulphuric acid in the second or dr3ring bottle, and kindled 
at the jet. The oxygen is turned on, and brought within 
one eighth of an inch of the bummg hydrogen, when the 
two gases burn together, and we obtain the oxy-hydrogen 
flame. 3> 2 
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JEr. A.— Hold in the flame, by means of a pair of pliers, a fine 
piece of copper wire about an inch long : U will bum with a beautiful 
green flame . 

JBr. f.'Instead of copper wire use a piece of platinum wire : it 
will burn with a white Ught. This metal cannot be burned, or even 
melted, by the heat of the most powerful furnace, yet it bums readily 
in the intense heat of the oxy-hydrogen flame. 

E», k. — Treat a piece of watch-spring, or a small steel file, in the 
lame way, it will burn with the greatest brilliancy, throwing off 
showers of sparks, 

£x, I. — Cut a piece of lime to a sharp point, and hold it in the 
flame ; a light will be emitted nearly as dazzling as the sun. This is 
called the oxy-hydrogen or Drummond light, and has been used for a 
Variety of purposes where intense light is required. 

EXERCISES ON CHAPTER V. 

1. Give the symbol and combining equivalent of hydrogen. State 
its principal properties. 

2. Whence does hydrogen derive its name ? By whom was it dis- 
covered ? 

3. Name its most useful compounds. 

4. Whence is hydrogen obtained ? Explain the mode of obtaining it 
by a galvanic current. 

5. How can hydrogen be obtuned by means of Potassium or So- 
dium ? State the changes which take place. 

6. Give the formulae for the preceding decomposition. 

7. How can the presence of the potash or soda be proved ? 

8. How may the presence of the hydrogen be shown ? 

9. What is the effect of passing steam over red-hot iron ? 

10. Write and explain the formula for the preceding decomposition. 

11. What is the usual method of preparing hydrogen } 

12. What special care is needed in collecting hydrogen ? 

13. Explain the usual process of obtaining hydrogen. 

14. Give the formuleB and equivalents of the decomposition of water 
by zinc and iron. 

15. What is peculiar with regard to the light and heat of inflamed 
hydrogen ? 

16. On what does the illuminating power of flame depend? How 
may this be proved ? Why does burning hydrogen give but little 
light? 

17. Why are ordinary flames hollow ? 

18. Why is the oxy-hydrogen flame solid? 

19. What are the properties of the oxy-hydrogen flame? 
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20. How may the mixed gases be burned with safety ? 

21. Describe HemmiDg's jet. 

22. Describe a more simple mode of safely burning the mixed ga8ei> 



CHAPTER VI. 



WATEB. 

Symbol HOg ; combining weight 1 8« 

1. Water, or Oxide of Hydrogen, is a compoand of 
two atoms of hydrogen and one atom of Oxygen* its atomic 
weight is consequently 18. 

2. Pure water is a transparent, tasteless, inodorous 
liquid ; colorless in small quantities, but in large quanti* 
ties of a beautiful blue, as seen in the deep sea, and in the 
crevices of Alpine glaciers. 

3. Water is 815 times heavier than air; a cubic foot of 
water at the temperature of 60°, weighs 1 000 ounces (ayoirdu« 
pois) ; or, since a gallon of water weighs lOlbs., we may say 

A pint of pure water 

Weighs a pound and a quarter. 

4. Water readily assumes either the solid, liquid, or 
Taporous state, as ice, water, steam. 

5. Under ordinary circumstances, water freezes at 82°, 
and boils at 212°. 

6. Water, like other bodies, expands by heat and con* 
tracts by cold ; but, unlike other bodies, after it has been 
cooled to a certain point (40°), it again expands. 

7. A given weight of water occupies the smallest space, 
or is most dense at 40° 3 if its temperature vary either 
above or below 40°, it expands. This point is termed the 
point of greatest density of water. 

8. While freezing, water expands very much, bursting the 
strongest vessels in which it may be contained -, it is in this 
way that the hardest rocks are gradually crumbled down 
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into soil fit for vegetable life ; for the moiBture, which has 
during summer penetrated into the smallest cracks and 
hollows, freezes during winter, and by its expansive force 
breaks the sohd stone. 

9. Ice is lighter than water, and therefore floats on its 
surface; were it otherwise, so that the ice sank as fast as it 
was formed, rivers, lakes, and seas, would soon be con- 
verted into bodies of solid ice. 

10. Steam occupies about 
1700 times as much space as 
water ; a cubic inch oi water 
forms very nearly a cubic foot 
of steam. 

11. Water has the power 
of dissolving many sub- 
stances, and it is this pro- 
perty which renders it so 
important in nature and so 
serviceable to mankind. 

Pig. 17. 

12. Solution is a mere mechanical action, and does not 
produce any change in the chemical properties of a body ; 
for on heating the solution, the water is driven off in vapor^ 
and the particles of the dissolved body are recovered with 
their properties unaltered. 

13. Transparency is essential to a solution. Where solid 
particles are distributed throughout a liquid, as when chalk 
is stirred with water, they are not dissolved, but only me- 
chanically suspended in the water, and will separate by 
their own weight, or by the process of filtering, 

14. Hot water has a greater solvent power for most sub- 
stances than cold water. In the case of alum, for instance, 
hot water will dissolve twice as much as cold water. It 
follows that as the hot water becomes cold, part of the 
alum must again become solid. In so doing, the particles, 
in obedience to their mutual, attraction, arrange themselves 




ia parlicnlar forme or crystala ; ttie proceis is termed erys' 
tallizatiott. Sugar candy may be taken m another example. 

15. In consequence of its great solvent power, nater 
seldom, if ever, occurs in nature perfectly pure. Bain> 
water, as collected at a distance from large towns, and in the 
open fields, is the purest natural form of water, but even 
this contains a trace of ammonia, NH,. 

16. Absolutely pure water can only be obtained by the 
process of distillation,'' whereby the water is conyerted into 
vapor (evaporated), which ia afterwards condensed into the 
liquid state, while the substances that were prerioualy dis- 
solved in it are left behind in the retort or still. 

In the chemiit'a Ubociilory and in oiaay of tbe arts, large quantit[ei 
of abiolutelj pure water are reqmred. Ua distillation it cooducted in 
ia spporatiu reprewated in the ajmeied figure. 



• Ditlillatio (Latin), fiOlinE in drops. 
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This diBtOling apptntui, or alembic, consists of a copper boner, a, 
lixed in a brick furnace, haying a dome-formed cover, b, adapted to it, 
from which a bent tube, b e d^ proceeds, and is connected with a spinl 
tube called a vform. This worm is inclosed in a large cylindrical ds- 
tern, p g j r, constructed in metal, which is kept constantly filled 
with cold water. The lowest part of the worm passes out of this 
cistern near its bottom, and terminates at a, oyer the mouth of a jar, c, 
intended to receiye the distilled water. An opening, t, haying a steam- 
tight stopper, is proyided in the boiler, through which the water to be 
dUtilled is introduced into it. 

The yapor issuing from the boiler through the tube, bed, passes 
into the worm, being first receiyed by the yessel, o, where the conden- 
sation begins. 

Passing next through the coils of the worm, it is exposed to the con- 
tact of its cold surface, and is entirely condensed and reduced to the 
liquid state before it arrives at the lower extremity, a, from which it 
trickles in drops into the jar, e, 

1 7. Rain-water, as collected away from large towns, and 
water that springs from rocks, which, like granite or sand- 
stone, are scarcely, if at all, soluble, is yery pure, and will 
dissolye soap without curdling $ it is called sqft water. 

18. Spring water, in general, however, contains lime and 
other substances, which it has dissolved out of the lime- 
stone and other strata through which it has flowed : such 
water is termed hard water ; it will not dissolve soap, and is 
unfit for washing, &c. 

19. Soap dissolved in spirits of wine is employed to test 
the hardness of water. It may be mixed with pure, soft 
water, without causing any change, but if added to a hard 
water, it produces a milkiness, the more considerable as the 
water is less pure. 

20. Water unites chemically with other compound bodies 
forming a class of substances termed hydrates (vdup, 
water). Thus fresh-burned lime, CaO, unites rapidly with 
water in the process termed slaking, and is in reality con- 
verted into a hydrate of lime, CaO,HjO' 

21. Water is a product of all ordinary combustion. Tills 
has been shown in Ex. d. of the last chapter. It is also 
evident in cold weather on the windows of shops where 
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gaa is burned, the vapor being condensed on the inner 
surface of the glass. 

EXERCISES ON CHAPTER VI. 

1. Give the sjrmbol and equivalent of water. 

2. What are the properties of pure water ? 

3. What is the comparatiye and what the absolute weight of water ? 

4. What different states does water assume } 

5. Give the boiling and freezing points of water. 

6. What is remarkable in the expansion and contraction of water by 
diange of temperature ? 

7. What is meant by the point of greatest density of water? 

8. What effects are produced by water when freezing ? 

9. What would happen were ice heavier than water f 

10. State the comparative space occupied by steam and water. 

11. What is the most important property of water ? 

12. What change does solution produce in the chemical properties ol 
bodies ? 

13. When can water be purified by filtering ? 

14. Explain the process of crystallization. 

15. What is the purest natural form of water ? 

16. How is absolutely pure water to be obtained ? 

17. Whence does soft water fiow ? 

18. Why is some water termed hard water ? 

19. How may the hardness of water be detected ? 

20. Explain the term Hydrate. 

21. Shew that water is a product of combustion. 



^ 0HSMI8TBT. 



CHAPTER VII. 

COMPOTnSTDS or THE METALLOIDS : — ACIDS, ETC. 

1. Most of the non-metallic elements or metalloids 
combine with each other, the compounds so formed being 
either acid or non^cid, 

2. The non-acid compounds of the metalloids with other 
elements have for the most part names ending in -ide ; 
the termination 'Uret is more frequently used in some 
cases. 

Thus the non-acid compounds of— - 

Oxygen are termed. . Oxides 

Chlorine „ .. Chlorides 

Iodine are „ . . Iodides 

Bromine „ .. Bromides 

Fluorine „ .. Fluorides 

Carbon „ . . Carbides or Carburets 

Sulphur „ . . Sulphides or Sulphurets 

Phosphorus „ . . Phosphides or Phosphurets. 

3. An acid may be defined as a body which has a sour 
taste, reddens vegetable blues, and neutralizes, or destroys, 
the alkaline reaction of potass. 

4. These are the usual characteristics of an acid, though 
they are not always found together; for some bodies, 
owing to their insolubility, have neither a sour taste, nor 
any action on vegetable colours, and yet must be regarded 
as acids, from their power of neutralizing potass or soda. 

5. Thus common flint or sand, which is a compound of 
Oxygen and SiUcon, if heated with potass (or soda) com- 
pletely neutralizes its properties, and combines mth it to 
form glass. Fhnt or sand has, therefore^ been named 
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Silicic acid (SiOa) though it neither tastes sour, nor acts 
on Tegetable colours. 

6. On the other hand> Carbonic acid (HsCO,), and Bo- 
racic acid (H3BO3), though they do not perfectly neutralize 
potass, have long been looked upon as acids, owing to their 
taste and action on vegetable blues. 

7. It was formerly supposed that all acids contained 
Oxygen, and this supposition gave rise to the name oxygen ^ 
that is, acid-producer, 

8. Many, however, of the compounds formed by Hy- 
drogen with the other metalloids possess acid properties ; 
they form the class of acids sometimes termed Hydracide, 
and their names begin with the prefix Hydr-, or HydrO' ; 
as:— ^ 

EydlrocUorie Add HCl ^ 86.6. 

Hydriodic „ HI ±s 128. 

Eydrobromio „ HBr=s 81. 

Hydro-fluoric „ HF = 20. 

Hydxo-salphiuic H^S = 84 

9. Oxygen unites with most of the other metalloids to 
form compounds which till recently were considered as 
acids^ and formed the class of acids known as Oxacids. 

10. Inasmuch, however, as these compounds have no 
acid properties in themselves, and manifest them only token 
in combination with water, they have no right to be called 
acids, and are now spoken of as Anhydrides."' 

11. These Anhydrides, when in combination with water, 
form the class of acids formerly termed Oxacids, or Ay* 
drated oxacids^ 

12. The division into Hydracids and Oxacids may now 
be set aside, and all acids considered as compounds of 

• When the water which was chemically combixied with any 
substance has been removed, the substance is said to be anhydrous 
(a, not ', and vdutp, water) ; hence the term Anhydride. 
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Hydrogen, in fact, as Hydrogen-salts, in which the hydro* 
gen acts as a base. (See Chap, xxri.) 

13. This will be seen by the following list of some of 
the most important of these Anhydrides, and their corre- 
aponding acids : — 

Anhydride. Acid. 

Carbonio CO, = 44; HjCO, = 62. 
Kitric NjOj = 108 ; HNO, = 63. 

Bnlphnrons SOj = 64; H^SOj = 82. 
Snlphnzio SO, = 80 ; H^SO^ = 98. 
Phosphoric PjO, = 142 i HjPO* = 98. 

14. When one element unites with another in several 
proportions, the different combinations are distinguished 
by suitable prefixes, marking the number of proportions of 
the^rf^-nam^f^element which enter into union with one 
proportion of the latter. 

15. A compound body, which contains only one propor- 
tion of each of its constituents, simply takes the name 
oxide^ chloride, <&c., as the case may be, according to § 2. 

16. The Latin prefixes 6m- or 6i- (= twice), and tef' 
{= three times), are used when two or three proportions 
respectively of one body are combined with one propor- 
tion of another. 

Thus we hare binozide of manganese = MnOj ; Besqui-oxide of 
gold = AU3O3 ; bichloride of mercury = HgClj, &e. 

17. When two bodies combine in the proportion of three 
atoms of one body to one atom of the other, or as 1|> : 1, 
the compound takes the Latin prefix eesqui, which means 
one and a half. 

Thus, common rost, Fe^O) is termed sesqni-oxide of iron* 

18. The Greek prefixes proto-^ deuto; trito-, &c., are 
properly used to denote respectively the first, second* 
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bird, &c., ia a series of compounds fonned by two ele- 
ments, without reference to the proportions in which they 
occur. 

19. The terms protoxide, pro^o-chloride, &c.» are, how- 
ever, frequently used simply in the sense of oxide, chloride, 
&c., as in § 15, instead of in their strictly grammatical 
sense oi first oxide, &c. Any compound containing a 
smaller proportion of oxygen, chlorine, &c., would then 
be marked by the prefix sub- (under), as Suhoxidt of 
copper, CosO. 

20. Pet' or hypers in a series of compounds, denotes 
the greatest though undefined quantity of the first element 
named, except when prefixed to the oxygen acids, when it 
implies the greatest amount of oxygen. 

21. The termination -tc, in a series of oxygen acids, 
denotes the presence of more oxygen than the termination 
'Ous ; and -ous more than the prefix hypO' which means 
under; thus, — 

HCIO = 52.5 form Aypo-chlorou^ acid. 
HCIO2 = 68.5 „ chlorous „ 

HCIO3 = 84.5 „ chlonc 

HCIO4 = 100.5 „ iJtfr-chlonc 
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EXERCISES ON CHAPTEE VIL 



1. How may the combinations formed by the metalloids with each 
other be arranged ? 

2. What ooinpounds have names ending in ide ? Give examples. 

3. What are the usual characteristics of an acid ? 

4. "Why is the usual definition of an acid too limited ? 

5. Why is flint, or silica, considered an acid ? 

6. Why should Carbonic and Boracic acids be regarded as acids ? 
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7. What was formerlf tnpposed to be in essential constitaent of m 
add? 

8. What was intended by the term hydr-acid? 

9. Explain the term ox-aeid. 

10. What are the compounds termed onA^itfrM^eif / 

11. How do the anhydrides become acids ? 

12. What are all acids at present considered to be ? 

13. Give the names and sjrmbols of the principal acids, 

14. How are different combinations of the same elements distin- 
guished ? 

15. What is denoted by the terms oxide, chloride, &c. ? 

16. Explain and illustrate the use of the prefixes din- or 6t- and 
ter-. 

17. Explain the prefix sesqui-f and give an example. 

18. What do the Greek prefixes proio-, deuto-, tritO' properly 
denote ? 

19. In what sense are the names having the prefix proto* often 
used ? What is denoted by the prefix sub- f 

20. Explain and illustrate the use of the prefixes per- and 
hyper: 

21. Explain the different prefixes and suffixes in a series of oxygen* 
adds. 
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CHAPTER VIII. 

KITEOGEir. 

Symbol N. Comhiniiig equivalent 14. 

1. Nitrogen is a permanently elastic fluid or gas, chiefly 
distingmshed by its negative properties. It has neither 
colour^ taste, nor smell ; it neither bnms nor supports com- 
bustion; it cannot maintain respiration, and it has no 
action npon vegetable colours. It is a little lighter than 
atmospheric air, and is slightly absorbable by water. 

2. Nitrogen was discovered by Dr. Rutherford in 1772, 
and received its name (nitre^producer) from its connection 
with nitre or saltpetre, of which it forms a component 
part. 

3. Lavoisier, the French chemist, who first investigated 
its principal properties, gave it the name Azote {life- 
destroyer), from the fact of its destroying animal life ; this 
it does not by poisoning, but simply by excluding common 
air, and so causing sufibcation. 

4. Nitrogen is an important element, for it forms four- 
fifths of the air we breathe, and is a constant ingredient of 
aU vegetables and animals. It occurs also in some mine- 
rals, as saltpetre (nitrate of potassium, KNO3), cubical 
nitre (nitrate of sodium, NaNOg), and a few varieties of 
coal. 

5. Nitrogen may be prepared in several ways ; but the 
easiest is by depriving atmospheric air of its oxygen, by 
burning some combustible, as sulphur, spirits of wine, or 
phosphorus, in a confined portion of air over water. 

Ex, a. — ^Place a small piece of phosphorus, about the size of a pea, 
in a small pprcelain capsule floating on the water in the pneumatic 
trough, or in a deep hasin. Light the phosphorus, cover it with a 
jar of air, and let it hum out. The water will have risen in the jar, 
and the space above will be filled with white fumes of phosphoric add, 
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Fig. 19. 



POi, these wUl, However, Boon be absorbed by the water leaying the 
nitrogen pore. 

The gas so formed may be decanted 
into other jars, as in the diagram, and 
its properties examined. 

Ex, b. — Attach a small piece of wax 
taper to a cork ; light the taper, float the 
cork in a deep plate, full of water, and 
while the taper is burning cover it over 
with a glass receiver. It will be seen, 
that the light of the taper will become 
dimmed, and in a short time go ont. 
This is because it has consumed all the 
oxygen of the air that was in the jar ; 
what is left is nitrogen, mixed with 
tome carbonic acid. It may be deprived of this latter by using lime 

water to stand the jar in, instead of common vrater. 
There roust also be enough water that it may rise 
in the jar, according as the combustion goes on. 
The taper does not consume quite all the oxygen in 
the jar, but so nearly all that the nitrogen is suffi- 
ciently pure for ordinary experiments. 

Ex. r. — If two jars be taken, one full of oxy- 
gen, and the other full of 'nitrogen gas, a lighted 
taper introduced into the nitrogen is immediately 
extinguished ; but if it has previously been allowed 
to burn till the wick is red, and the least red spark 
remain on withdrawing it from the nitrogen, — it 
will be rekindled on transferring it quickly to the jar of oxygen gas, 
and again extinguished in the nitrogen ; this may be repeated several 
times in the same portions of gas. 

Ex, d, — Wash a piece of lean beef well, cut it into very small bits, 

Fig. 81. 



^\ 



Fig. 20. 




METALLOIDS. — NITEOGEN. 49 

and put them into a glass flask or retort : pour in some dilated nitrie 
acid, and then set the retort over a lamp, and receive the gas whicii 
comes over at the pneumatic trough in the usual way. It is nearlf 
pure nitrogen. 

6. Besides entering into the composition of atmospherio 
air, nitrogen combines with oxygen to form a series of five 
chemical compounds, remarkable as illustrating in a striking 
manner the law of multiple proportions (Chap. III. § 29)^ 
These compounds are as follow : — 

Nitrous Oxide Gas NjO = 44 

Nitric Oxide Gas NO = 30 

Nitrous Anhydride N2O3 = 76 

Hyponitric Anhydride NO2 = 46 

Nitric Anhydride Kfl, = 108 

7. Protoxide of Nitrogen, Nitrous Oxide, or Laughing 
Gas, N2O.— This is a colorless, transparent, odorous 
gas, having a faint, agreeable smell, and a sweetish taste. 
It is considerably heavier than common air. At 33° and 
under a pressure of 30 atmospheres * it becomes a liquid ; 
and 150° below 0° it solidifies. 

8. It supports the combustion of burning bodies with 
almost as much brilliancy as oxygen : from this, however, 
it may be distinguished by being readily absorbed by cold 
water, which dissolves f ths of its own volume ; hence warvb 
water must be used in collecting this gas at the pneumatic 
trough. 

9. When taken into the lungs it produces in most per- 
sons a sort of intoxication, generally accompanied with 
pleasurable sensations, and not followed by unpleasant 
symptoms. Sometimes it acts injuriously, producing a 
sort of stupor, causing the experimenter to fall senseless 
for a few seconds, and then recover with confused ideas and 
headache : this, however, rarely happens, if the gas be ^t^r^. 

* By an atmosphere is meant a pressure of fifteen pounds on each 
square inch of surface. Thirty atmospheres will therefore be equal to 
4501bs. per square inch. 



10. Nitroni oxide i« prepared by placing solid nitrate of 



anlmoniutn, (NH.NOj) i 



a retort, or ia a flask vith ( 
benttabe, and genii; 
heating it oreralamp 
The nitrate at £rat 
melta, and when the 
temperature rises (o 
340* F.. it boUs, and 
is entirely decom- 
posed into water and 
gas i the latter may 
be received into jars, 
filled, as alreadymen- 
1 Mg. M. tioned, with warm 

II. The following diagram, adapted from that given by 
Professor Graham, nill illmtrate tbe decomposition that 
takes plac^ :— 
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Gr in symbols :— 

NH,NO, = N;0+2II.O. 

A. «.— Fill a wide teit tube or tmill jtr with the %w, aod plnnp 
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fi». /. — Perform eiperiraeDti 
with charcoa!, phosphorui, lad iron 
icire, aimilBT la those described under 
oxygen (page G), almoit equally vivid 
combastion Will ensue, and the pro- 
ducli will be the tame, for the burn- 
ing bodies decOiDpoae the gas uniting 
with the oxygen and teaiing the 
nilrogen in the jir. 

Si. g. — Perform s similar elperi- 
ment with sulphur, and notice, that 
if the sulphur, when put into the gu, 
is only jast burning, with a weak bluish Fig. It- 

flame, it will be extinguished ; but if it is already burning vitidly, ft* 
splendor will be greatly increased. Note also that the flame is of I 
beautiful rose color, and not blue ai in pure oxygen. 

Ex. A. — mi a bag or large-sized bladder, 
flttednilhatubeanditop-cock.with Eomeoftbe 
gas, taking care that it is pure. Then closing 
the nostrils with one hand, 6realhe out as much 
air as possible from the lungs, applv the tube 
(with the atop-coek already lurned on^ lo the 
mouth, and keeping it there, breathe the gas 
from and into the bag, as long as possible, and 
the intoxicating effect already described will 
be produced. Tbla experiment should be per- 
formed in a large open space, lest the experi- 
menter should injure himself or others, in his 
temporary madness. 

// mui' rmer be tried by perioat wAa hate 
a delenHinalion of ilood la the head. 




FiB. W, 



12. Binozide of iritroHezLorlfitrio- 
orido gas, NiO, or NO.— This gas may be 
prepared by pouring diluted nitric acid 
oTer some copper turuings or pieces of . 
copper wire, in a retort or gas bottle, 
similar to that nsed ia preparing hydro- 
gen. No beat need be applied, and 
the gas may be received over cold 
water. 
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18. The gas is obtained by the deoxidation of Nitnc 
acid (HNOs), which is generally effected by means of 
copper (Cu). 

For complete decomposition there must he eight atoms of the 
acid to three atoms of the copper, as may thus he shown :— 
SCu + 8(HN08) = 3(Cu2N03) + 4H2O + 2NO. 

The process may be divided into two stages, as follows :— 

1st. Two atoms of the acid are acted on hy the three atoms of 
the metal, each of which imites with one atom of oxygen, 
forming the protoxide of copper, CuO, while one atom of 
water (HaO) and two atoms of Nitric oxide (NO) are libe- 
rated, thus ; — 

30u + 2(HN08) = 3CuO + WO + 2N0. 

2nd. The three atoms of Oxide of Copper are dissolved in the 
remaining six atoms of acid ; the three atoms of copper (a 
diatomic metal) replace the six atoms of hydrogen and form 
three atoms of nitrate of copper 3(Cu2N03) ; while three- 
atoms of water 3 (HaO) are formed by the union of the hy- 
drogen of the acid with the oxygen of the oxide ; thus : — 
3CuO + 6(HN03) = 3(Cu2N03) + 3H20. 

14i. The decomposition may also be shown by the follow- 
ing diagram : — 



2(HN03) = 



3Cu = 3Cu 
6{HN0,) = {«=^^^ 





H.O. 

2 (NO). 
3(H.O), 

3(Cu2N03). 



16. Nitric oxide is colourless and transparent, rather 
heavier than common air, very slightly soluble in water, 
incombustible, irrespirable, and incapable of maintainin'^ 
ordinary combustion. ^ 

16. The most remarkable as well as most useful pro- 
perty of binoxide of nitrogen, is its power of instantly 
absorbing oxygen from the air, becoming then a dark red- 
dish gas, hyponitric anhydride, NO -f = NOg. 
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Ex. i. — Put some copper wire, or a leaf or two of Dutch gold 
(which is principally copper,) into a test tube, and add a few drops of 
nitric add, the metal will be dissoWed, and the upper part of the tube 
will be filled with orange red fumes of nitrous gas caused by the union 
of the binoxide of nitrogen with the oxygen of the air. If the tube 
be looked inio, the solution appears green, but becomes blue on the 
addition of a little water : the green color is caused by the orange- 
colored gas mixing with the blue liquid ; when this gas is dissolved by 
the water or otherwise removed, the blue color is made apparent. 

£r. k, — Into a tall jar, half filled 
with nitrous oxide and standing on 
the shelf of the pneumatic trough, 
pass up a few bubbles of air, or, still 
better, of oxygen gas; notice the red 
fumes of nitrous acid (NO,) produced, 
and the rise of the water, owing to the 
rapid absorption of the acid. 

Ex, L — Perform the same experi- 
ment, having first, either filled the jar 
with water colored blue by litmus, or 
put into it a piece of blue litmus paper ; Fig. 26. 

the reddening of the blue color proves the formttlon of an acid. 

Ex. m. — Introduce a lighted taper or a piece of burning sulphur 
into a jar of nitrous oxide ; the flame 
will be extinguished. The heat evolved 
being insufficient to decompose the 
gas. 

Ex, n. — Instead of sulphur use 
charcoal or phosphorus; these will 
bum with great brilliancy, the high 
temperature decomposing the gas, 
which yields its oxygen to the burn- 
ing body at the same time that the 
nitrogen is disengaged. 





Fig. 27. 



17. Nitrous Anhydride, NoOj. — This substance may be 
prepared by mixing four measures of nitric oidde with one 
of oxygen, both perfectly dry, and exposing the mixture 
to great cold, by which it is condensed into a volatile green 
liquid. 

It is of no practical application or importance. 
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18. Eyponitrie Anhydride, NO^— This body is termed 
bj some chemists Hyponitric Add. It has already been 
noticed as forming the red Ti4poors arising from the com- 
bination of nitric oxide ^th oxygen. By great cold it 
can be condensed into a Tery Toktile and neariy colourless 
Hqaid. 

Both tbb and the prcTioosly named body are decom- 
posed by water, being resolved into binoxide of nitrogen 
and nitric acid. 

19. Hyponitric Anhydride may be obtained by heating 
carefully dried nitrate of lead in a retort, and condensing 
the vapour in a receiver surrounded with ice. 

4(Pb2Na) =^ 2PbO-f2O-f4N0t, 

20. Vitric Acid, HNO3. — This is the most important of 
the diemical compounds of oxygen and nitrogen. It has 
been known from an early period, under the name aqua 
fortU, which it obtained from its power of rapidly dissolv- 
ing most of the metals. 

21. Nitric acid may be obtained by distilling in a retort 
equal weights of nitrate of potassium (KNO3), and sulphu- 
ric acid (H3SO4), that is, one proportion of the former and 
one of the latter. The sulphuric acid displaces the nitric 
acid and unites with the potassium to form acid -sulphate 
of potassium, thus — 

KN0a-hH,S04 = KHS04-f-HN0,. 

22. Pure nitric acid is a colourless liquid (spec. grav. 
1.517). It is exceedingly corrosive, and has an intensely 
sour taste. It stains the skin and nails of a deep and per- 
manent yellow, and rapidly decomposes animal and vege- 
table substances. 

23. The acid thus described is m reality a kydrated 
aeid, consisting, when strongest, of 1 molecule of abso- 
lute nitric acid NsOa, and 1 molecule of wnter H3O, so that 
iU symbol is H,0,NA = H3NA = 2(HN03). 

24. Nitric Anhydride, NA* — This substance has 
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bees obtained by paui:^ a cnireot of dry chloriM gaa, 
CI, oTer dry and bea ted nitrate of wlver, AgNO,, thus— 

2CH-2AgN0, = 2AgCa+0+NA- 

It appeara in the form of white prismatic crystals; 

though it has not yet been thoroughly examined, it aeema 

to be destitute of acid properties so long as it couticuea ia 

the anhydroua stAte. 

25. Nitric acid is used for etching on copper, for dis- 
solving and separating metals, also by surgeons as a cnustic. 
In coDsequeuce of tlie large proportion of oxygen it con- 
tains and the facility with which it parts with it, nitric acid 
ia frequently used by the chemist as a mtam of oxidation.* 

26. Nitric acid occurs in nature, chiefly in combination 
with potass, forming nitrate of potassium (KNO,) or aalt- 
petrf ; or with soda, forming nitrate of sodium (NaNOj) or 
cubical nitre. 

27. Nitric acid is found in small quantity iu rain water, 
especially after thunderstorms. Erery flash of lightning, 
and every electric spark which passes through the air, is 
believed to cause a minute portion of its oxygen and nitro- 
gen to combine and form nitric acid, which is dissolved by 
Uie falling rain. 

Ba.o. — Let nitric acid vipor pus aiowirlliTOiigh a heated etrtlicn- 



Flg. K. 
* When ■ lubitince cvmbiDCi with oxjgen, it ii uid to b« oxiiUti 
ta to UDdei^ oxidatitm. 
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Wire tube : it will be decomposed into oxygen and nitroas acid if 
exposed to a dull red heat, and into oxygen and nitrogen gases if 
the tube be heated to whiteness. 

Ex. p. — If a weak solution of indigo in sulphuric acid be poured 
into a glass and a little nitric apid be added, the blue color will be 
destroyed, especially if the liquid be heated. 

Ex, q. — ^The acid properties of this substance will be proved bj 
tasting it, when greatly diluted^ and by its reddening litmus paper. 

Ex. r. — ^Dip a quill, a little white worsted, flannel, or wool into 
some strong nitric acid, and it will become yellow, either directly or 
when exposed to the light for a short time. On removing the article 
from the acid it should be immediately well washed in water to pre- 
vent its destruction. 

EXERCISES ON CHAPTER VIII. 

1. State the properties of nitrogen. 

2. By whom and when was nitrogen discovered ? Why is it so 

named? 
8. By whom was it termed azote, and why ? 

4. Why is nitrogen an important element ? 

5. State and explain some methods of obtaining nitrogen. 

6. What remarkable series of compounds does nitrogen form with 

oxygen ? Why is it remarkable } 

7. Describe the properties of protoxide of nitrogen. 

8. How may protoxide of nitrogen be distinguished from oxygen ? 

9. What is the effect of breathing nitrous oxide gas ? 

10. How may nitrous oxide gas be prepared ? 

11. Explain fully the decomposition of nitrate of ammonium by heat. 

12. How may binoxide of nitrogen be procured ? 

13. Explain the decomposition in words. 

14. State the same in symbols and by diagram. 

15. Name some of the properties of nitric oxide gas. 

16. What is its most useful property } 

17. How may hyponitrous anhydride be prepared, and what are its 
properties ? 

18. What are the properties of nitrous anhydride ? 

19. How is nitrous anhydride prepared ? 

20. Give the symbol and equivalent of nitric acid. 

21. How is nitric acid obtained ? Give the formula of the process. 

22. State the properties of nitric acid. 

23. What is the real composition of nitric acid ? 

24. How has nitric anhydride been obtained, and what are its properties? 

25. Name some of the uses of nitric acid. 

26. How does nitric acid generally occur in nature ? 

27. How is the presence of nitric acid in rain water accounted for ? 
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CHAPTER IX. 

ATMOSFHEBIG AIB. 

1. Air is the transparent, colorless, invisible, and elastic 
flaid, nrhich everywhere surrounds the globe, extending 
above its surface to the height of from 40 to 50 miles. 

2. The air was formerly supposed to be a simple body, 
but is now known to be a mechanical mixture of several 
gases, the most abundant of which, are oxygen and nitro- 
gen : besides these, it contains carbonic acid gas, and 
watery vapor, as well as traces of nitric acid and ammonia. 

8. The quantity of these last named bodies present in 
the air, being dependent on local causes, varies considerably; 
not so with the oxygen and nitrogen. Air brought from 
great heights and great depths, as well as from regions of 
the globe far distant from each other, always presents 
these gases, combined in a uniform ratio. 

4. Four- fifths of any volume of air are found to be 
nitrogen, and the remaining one-fifth, oxygen, or more 
exactly, 100 measures of air = 79*19 nitrogen + 20.81 
oxygen. 

5. Every 100 parts by weight of air contain 77 parts by 
weight of nitrogen and 23 of oxygen. The former of 
these numbers is not a multiple of 14, the atomic weight 
of nitrogen, neither is the latter a multiple of 16, the atdtnic 
weight of oxygen, as they would necessarily be, by the 
law of multiple proportions, if the air were a chemical 
compound, and not a mere mixture of the gases. 

6. A better idea of the relative proportions of the 
elements of the air may be obtained by supposing the 
atmosphere to be of the same density throughout, and its 
elements arranged in strata according to their specific 
gravities. " In such a case, the atmosphere would be five 
miles in height. The greatest quantity of watery vapor 
would, if condensed, form a layer or stratum of water about 
five inches deep ; the layer of carbonic acid, next above. 
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would be about thirteen feet deep ; that of oxygen, one 
mile ; and that of nitrogen, four miles." 

7* The chemical properties of the lur are chiefly those ol 

the oxygen it contains. It is this gas, diluted and weakened 

in its energetic influence by four times its bulk of nitrogen, 

• which renders atmospheric air the uniTersal sustaineroi 

animal and vegetable life. 

8. The nitrogen ih'the air is not only useful, by diluting 
the oxygen as just stated, but also by increasing the bulk 
of the atmosphere without giving it any active chemical 
properties. "By this increase in the volume of the 
atmosphere, provision is made for the occurrence of winds, 
the diffusion of heat, the tempering of climate, and other 
useful ends essential to the welfare of man." 

9. The atmosphere is the great conductor of sound ^ 
without it there would be perfect silence everywhere. It 
also refracts and reflects the rays of light; were there 
no atmosphere, there would be total darlbiess, except just 
at the spot on which the sun was shining. 

10 The presence of oxygen in the air is shown by the 
jproduots of combustible bodies when burned in it being 
exactly similar to their products when burned in pure 
oxygen. Thus, hydrogen burning in tbe air becomes 
water, the oxide of hydrogen ; iron exposed to damp air 
becomes oxidised or rusted, 

E», a.— Take a tube g^duated or divided into a hundred equal parts, 
and place it mouth downwards on the shelf of the pneumatic trough. 
Fasten a piece of phosphorus to a stiff wire, and pass it up into the 
Jar, and leave it so without disturbing it for \2 hours or more* The 
phosphorus will slowly eomUne with the oxygen of the air forming 
phosphoric acid, Vfig while the water will rise in the tube, and on 
drawing out the phosphorus, will be found to occupy %l divisions, . 
leaving 79 ditisions filled with nitrogeii. This is the plan ah«ady de- 
scribed for obtaining' nitrt^n, only the 'decomposition in that case 
was more speedy in consequence of the ignition of the phosphorus. 

Ih If oxygen and nitrogen in their proper proportions 
of one to four be mingled in a receiver, we obtain an arti- 
ficial air having the same properties as^ natural air. Air is 
thus shewn to be a mechanical mixture, and not a chemical 
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compound, for* none of the properties of its constituent 
elements has been changed, and no diminution of to- 
lume has taken ^ place, though one, if not both, of these 
results occur in every- case of chemical combination. 

12. The thorough intermingling of the gaseous elements, 
which causes the air to have everywhere the same uniform 
composition, iis brought about by what is called the law of 
gaseous diffusion. 

13. The operation of this law may be shewn thus :— * 

B». h. — ^Let two vessels be placed one above the other, 
and connected by a narrow tube of convenient len^fa, fig. 
29. Let the lower vessel be filled with carbonic acid gas, 
(see page 67, } 7)» and the upper one with hydrogen. 
After a short time the c«:feonic acid» though twenty times 
heavier than the hydrogen, will be found to have ascended 
into the upper vessel ; while hydrogen will have descended 
'nto the lower one, — a complete intermingling of the two 
gases having taken place, against the action of gravity. • 

14. AU gases possess this property of diffasing 
into each other, although at different rates of 
velocity, depending on their density : the lighter 
the gas, the more rapid is the diffusion, and 
consequently, a larger volume of the lighter gas 
passes in one direction, than of the heavier gas 
in the other.* 

16. The e£feci^n^ be produced, even though ^*«^*^- 
a piece of bladder, sheet- India rubber, or some similar 
barrier intervene* 

E», e, — ^Take apiece of wide glass tube ten or twelve inches long, 
and <do8e one end- with a plug of plaster of Paris, about half an inch 
thick, and well driedx fill tbetubewith hydrogen by displacement,*. 0. by 
holding it over a jet of the gas from a bladder, or from the generating 
bottle, fig. 14 ; and then set it mouth downwards, upright in a gla$s of 
water. The gas will be so rarefied by its diffusive power, beiii^ 

greater than that of common air, that the water wiU i;^ in the tube 

— -* 

* ** The replacing volumes of the gases, and consequently the velo* 
cities of their diffusion, are inversely as the square roots of their 
densities."— VTtZfon. 
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several inches above the level of the water in the glass ; for the light 
hydrogen has escaped faster than the heavier air could descend 
through the plaster of Paris to supply its place. 

16. The foul air produced by animal respiration as well 
as that arising from numerous other sources of contamina- 
tion, is perpetually removed by diffusion, and the atmo- 
sphere is thus preserved pure and respirable. 

17. As the space occupied by a given weight of a gas 
varies according to the temperature and pressure, it is 
necessary to have a fixed standard of comparison which is 
now usually expressed according to the metric system of 
weights and measures : — 

Standard Temperature = 0° Centigrade, or 32^ Fahr. 
Standard Fressure = 760 milUmetres of mercury. 

18. At the above standard temperature and pressure 

1 Litre of Hydrogen weighs nearly .0894 grammes. 

Hence, under the same circumstances :— 

1 Litre of Oxygen, weighs 16 x .0894 = 1.430 grammes. 
„ Nitrogen „ 14 x .0894 = 1.251 „ 

„ Chlorme „ 85.5 x .0894 = 3.173 „ 

19. Sometimes the standard pressure and temperature 
are taken on the English scale : — 

Standard Temperature = 60^ F. 
Standard Pressure = 30 inches of mercury. 

20. At this standard temperature and pressure :— 

1 grain of Hydrogen occupies 46|- cubic inches ; 

while 16 grains of Oxygen . . . . \ 

14i ,f „ Nitrogen .. .. | severally 

SSJ- „ 9» Chlorine .. .. [ occupy 

12 ,, „ Carbon (vapour) . . /* the same 
32 ,, „ Sulphur (vapour at 1900°) I space. 

&c., &c. / 

21. The atomic or combining volumes of the elementary 
bodies in a gaseous state (under the same circumstances of 
pressure and temperature) are thus seen to be equal to 
-each other, and are often symbolically represented by a 
^ngle square, thus : {^ , 
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22. The atomic or combining volame of a compound gas 
or Taponr is found to be double that of the simple gases, 
hence it is symbolically represented by a double square, 

thua ; rn - 

23. From the foregoing v/e obtain the two following 
laws: — 

1. The densities of the elements in the gaseous state- 

are proportionate to their combining weights. (The 
density of Hydrogen = ] .000). 

2. The densities of the compound gases are (for the most 

part) proportionate to half theA- combining weights. 

Thus, the density of Steam, HsO = 18 +2= 9. 

Hydrochloric Acid, HCl = 36.5+2 = 18.26. 

Carbonic Acid, CO2 =44 ^-2 = 22. 

Ammonia, NH3=17 +2= 8.6. 

Nitric Oxide, NO =80 -^2=15. 

Marsh Gas, CH4 = 16 -4-2= 8. 

defiant Gas, C2H^ = 28 -i-2 = 14. 

24. The densities of the simple and compound gases 
thus obtained on the hydrogen scale (Hydrogen = 1.000), 
may be readily reduced to the usual or atmospheric scale 
(Aur = 1.000) by multiplying them by .07, or more accu- 
rately by .0692, which is the density of hydrogen as com- 
pared with air. 

25. All gases expand ahke, or very nearly alike, when 
their temperature is raised. 

This expansion is found to he -j^l^ of their volume at the freezing 
point (0° C.) for every increase in temperature of 1° Centigrade, or 
7^ of their volume at the freezing point (32° F.) for every increase 
in temperature of 1° Fahrenheit. 

26. Hence the altered volume of a gas at a different 
temperature and pressure may be readily calculated, thus : — 

Metbio Scale. 
Ab given preseure : Standard pressure ^ t ^ j •» t ^^^ 

273 : 273.no^ofdegrees|: ..^^^, .o^. }=■[ voW 

English Scale. 

Ab given pressure : Standard pressure 'j f given vol.^ faUAr^^A 

480 : 490 + no. of degrees V: :< at 32^ I / aicerea 

ab0Te82°lahr.j I Fahr. J I ^^1^ 
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EXBRCISBS ON CHAPTBR >IX. : 

1. What is the air? 

2. Of what is the air composed ? 

3. What is meant by the uniform composition of the4irP 

4. State the proportions fly vo^iMie of oxygen aii4 uitrogen in the 
air. 

5. What are the proportions by weight of the constituent gases of 
the air ? What may be inferred from these proportions ? 

6. Illustrate the relative proportions of watery vtpar» 4te. found in 
the air. 

7. On what do the chemical properties of the air chiefly depend ? 

8. Of what use is the nitrogen in the air ? 

9. How does the atmosphere inflaence light and sonnd? 

10. How may the presence of oxygen in the air be pro^vdi 

11. How may air he formed artificiimy ? How may lain be shewn to 
be a merely mechanical mixture ? 

12. How is the uniform composition of the air secured. K 

«3. How may the diffasive power of different gases beiQostrated } 

14. State the law of gaseous diffusion. 

15. Illustrate the different velocities with which gaaes. diffuse into 
each other. 

16. What benefits result from the diffusive power of gases ? 

17. Why is a standard temperature and pressure requited? ) 

18. State the weight of a litre of hydrogen, and calculate the i^ei^t 
of equal quantities of the other gases. 

19. Give the standard temperature and pressure (i.) on the metric 
system ; (ii.) on the English system. 

20. What space is occupied by one grain of hydrogen } 

21. How are the combining volumes of the gaseous elemeiits.cyin- 
bolized ? 

22. What symbol expresses the combining volume of a compound gas? 

23. What general laws may be stated relative to the densities of 
gaseous bodies ? 

24. How may the densities of gaseous bodies according to the hy- 
drogen scale be reduced to the standard of atmospheric air ? 

25. In what ratio do gases expand by alteration of temperatuni 

26. How may the altered volume of a gas be calculated*^ . 



CHAPTBR X. . 

CABBOjr. 

Symbol C. Combining equivalent \2* 

1. Caxbon is an elementary non-metallic body, widely 
difiosed throughoat nature, both in ^ free state and in 
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combinatioii with other elemento. It is lolid, tasteleu^ 
inodorous, and absolutely infusible by any degree of beat 
at present known. 

2. The purest and at the same time rarest form in which 
carbon occurs^ is that of the Diamond. The diamond is 
carbon in a crystallized state ; it is highly transparent and 
brilliant^ and the hardest substance known. Diamonds are 
found in 6olconda> Brazil, Peru, the West Indies, and the 
Uralian mountains. 

3. Graphite** or, as it is sometimes called, plumbago, 
is another variety of nearly pure carbon, haying a metallic 
appearance, and containing a very small proportion of 
oxide of iron in a state of mixture. It occurs in veins, 
mostly among primitive rocks, iu Cumberland and various 
other parts of the world. 

4. Graphite is also frequently termed black-lead, but it 
contains no lead whatever. On account of its power of 
sustaining great heat without change, crucibles are frequently 
made of it ; but its best known use is for making drawing- 
pencils, for which only the finer and softer kinds are em- 
ployed; the coarser varieties are used to give lustre to 
iron, as stoves, &c., or to lessen the friction of machinery, 
instead of oil or grease. 

5. Anthracitaf is a third form of nearly pure carbon. 
It is slowly combustible, but without flame, hence it has 
been called blind coal ; another name for it is glance coal, 
from the German fflanz (lustre), because of its shining 
surface. 

6. There are several artificial varieties of charcoal em* 
ployed in the arts, such as wood-ckarcoalf animal-charcoal, 
coke, and lamp'hlack. 

7. Common Wood charcoal is made by piling logs 
of wood in a conical heap, covering them widi turf and 

• Graphite, from ypa^oj, ffrapho, I write, 

+ Anthracite, from nv^pa?, anthrax charcoal* 
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mould, and burning the mass slowly, small openings being 
left here and there to admit a little air. 

Ex, a.— Take a test tube fitted with 
a cork, and a piece of glass tube or 
tobacco-pipe, put into it a few chips of 
wood and heat them over a lamp, the 
gaseous constituents of 'the wood, 
oxygen and hydrogen, with a little 
carbon, will be driven off in the form 
of vapor of water and inflammable 
gas, which latter may be ignited, as in 
fig. 30, while the charcoal remains be- 
hind. 

8. Animal Charcoal, called 
also bone-black, or ivory-black, 
^*^* is a form of carbon, combining 

much mineral matter, obtained by heating bones and other 
animal substances in a retort, so long as any volatile pro- 
ducts are given o£f. 

9. Animal substances consist of oxygen, hydrogen, 
nitrogen, and carbon, combined with various earthy mate- 
rials ; when exposed to a high temperature, out of contact 
with the air, the gases are given off in different states of 
combination, and the carbon remains mixed with the 
mineral matter, principally phosphate of lime. If, how- 
ever, the animal substances be heated in contact with the 
air, the carbon also will be burned away, leaving only a 
white earthy mass behind, as may be seen by heating a 
Done in an open fire. 

It is this earthy matter which gives to bones their hard- 
ness and rigidity. 

10. Coke is the black, porous mass left after heating 
coal in retorts, with the air excluded, as is done in the 
manufacture of illuminating gas. 

Coke ignites with difficulty, but gives out more heat 
when burning than an equal bulk of any other fuel. 

11. Lamp-black is the soot or condensed smoke arising 
from the imperfect combustion of tar, resin, and other in- 
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flammable substances containing hydrogen and carbon, with 
a limited supply of air. It is well known that an oil or 
camphine lamp, turned up too high or having an insufficient 
draught of air, smokes ; this smoke, unless carried away 
by currents of air, condenses, and falls dl round in 
"blacks." Lamp-black is much used in the manufacture 
of black pigments, such as printers' ink, Indian ink, Frank- 
fort black, &c. 

12. Charcoal is a very indestructible substance, since at 
ordinary temperatures it is scarcely at all affected by air 
or moisture. Wooden stakes or piles are rendered more 
•durable by slightly burning or charring their surface be- 
fore driving them into the ground. 

13. Charcoal possesses in a remarkable degree the 
power of absorbing gases, and retaining them in large 
quantities. This property of absorption varies with diffe- 
rent kinds of charcoal. 

Ex. & — Fill a small jar or phial with the gas or fames of ammonia, 
and place in it a piece of newly-burned charcoal, and close the jar. 
After a few hours the whole of the ammonia will have been absorbed — 
no odor remaining. Box-wood charcoal is found to absorb ninety 
times its bulk of ammoniacal gas in twenty-four hours. 

14. Intimately connected with this property of absorbing 
gases is the power which charcoal possesses of removing 
offensive odors and checking putrefaction. It is a power- 
ful antiseptic* 

The decay of meat and vegetables may be retarded by 
packing them in charcoal. 

By charring the insides of casks, water may be kept a 
long time in them without spoiling. 

The disagreeable scent attaching to clothes and other 
articles, from damp sea voyages, diseases, peculiar medi- 
cines, occupations, &c., may be removed by wrapping 
them for a few hours with some pieces of animal charcoal. 
The same substance forms also a valuable tooth-powder. 

* Antiseptic, from avrc, anti, against, and ffqiretv, ae-penh to cor- 

F 



66 enixiBjcBT, 

15* Aniiaal cbereoal, and-eq^ciaUy Ihat yariety termed 
bo&e-black, poasesaes an exteordinary ,power of remoying 
coloiing xnatters of animal or ^yegetaUe ongin from their 
aolationa. It. ia li^rgely used by angar refiners, who deprive 
brown angar of ita color by 'boiling it with charcoal made 
fram charred blood, or filtering' it tburough a layer of that 
aubatance coaraely pounded. 

Wood-charcoal haa yery little decolorizing power. 

M»* 0* — ^Fold a piece of filtering paper or wbite blotting paper, so 
as to fit into a funnel. Fill it two-thirds full of bone-black, and let 
some water, colored with a few drops of black or red ink, filter 
through. The liquid will be rendered colorless. 

Ex. d. — The charcoal acts more powerfully if heated with the 
liquid to be bleached. Boil common vinegar, some 83rrup of Inrown 
sugar, or some beer with a few spooqfulaiof bone-blaqk} all the color 
will be absorbed, and the liquid may be strained off clear. 

16. The affinity of carbon for oxygen at a high tempe- 
rature is yery great. It depriyes most metallic oxides of 
their oxygen, and of course brings them into the metaUic 
state. Axi agent which thus brings out metals from the 
ore, is cBUed a reducing agent, and the process is termed 
reduction. 

Ex, e, — ^Mix 4 parts of red lead with 1-pert of charcoal powder. 
Put the mixture into a crucible, or tobacco-pipe bowl, and stir them 
well together, so that the color may be a dirty brown. Put the cru- 
cible into a clear fire, and give it a red heat for a quarter of an 
hour ; when sufficiently heated, pour out the contents of the cnicible, 
and metallic lead will run from under the powder at the top. 

E9.f. — If 2 grains of powdered charcoal and 4 grains of chlorate of 
potassium be carefully mixed in apiece of paper, then folded up, and 
placed upon an anvil — upon being struck by a hammer a violent deto. 
nation will take place. 

NM, It is by no means easy to pulverize charcoal when cold ; 
therefore, when pounded charcoal is wautedf use a piece out of a 
charcoal fire, or burn a stick in an ordinary fire, cutting off the ignited 
portions. 



17. Charcoal, on the other hand, appears to exert 
oxidizing efiTect upon the gases and yapors it absorbs. 
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This effeet ib not proAnctd. but only induced by the 
charcoal which condenses the gases within its pores, and 
brings them into closer contact with oxygen^ causing them 
to lose their characteristic properties, and form new com- 
binations. 

Ammonia, for example, changes into nitric acid, and sul- 
phuretted hydrogen into sulphuric acid. Thus : — 

NH3+4O = HN03+H,0. 
H,S+40 = H.SO^, 

18. Charcoal, saturated with ill-smelling and offensive 
matters, as already mentioned, may be advantageously used 
for manure, fertilizing the soil with which it is mixed, and 
gradually yielding them as valuable nourishment to grow- 
ing plants, 

19. Carbon affords a good example of one substance 
appearing under different forms and possessing different 
properties. It is sometimes amorphous or shapeless, as in 
coke ; or crystallizing under two incompatible forms (dimor- 
phous), as in the diamond and in graphite. The property, 
which several elemeuts have, of thus assuming different 
forms is termed allotropiCf from aXXorpo^of, changeable. 

EXERCISES ON CHAPTER X. 

1. State the symbol, combining equivalent, and general propertiea 

of carbon. 

2. Describe the purest form of carbon. 

3. What is graphite ? and where is it found ? 

4. For what is graphite used ? 

5. What is anthracite ? 

6. Name some artificial yarieties of carbon. 

7. How is common wood- charcoal prepared ? 

8. What is animal charcoal ? 

9. Explain the process for obtaining animal charcoal. 

10. What are the nature and properties of coke 

11. Describe the nature and uses of lamp-black. 

12. Illostrate the indestructibility of carbon. 

13. What is meant by the absorbent power of charcoal ? 

V 2 
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14. l^hence do the presenrative propertiei of charcoal ariae ? GiTe 

illustrationa. 
16. Illuitrate the decolorizing power of charcoal. 

16. How does charcoal act at a reducing or deoxidizing agent 

17. In what manner does charcoal exercise an oxidizing power ? 
Give examples. 

18. How may charcoal, impregnated with offensive odors, &c, be 
made useful ? 

19. What is meant by the term aUotropie f 



CHAPTEE XL 

C0KF0ina)8 OF CABBOK. 

1. Cabbok nnites with oxygen in two proportions, 
forming two inorganic compounds of great interest, viz. :— 

Carbonic Oxide CO = 2S 

Carbonic Anhydride CO^ = 44 
Carbonic Acid H^CO, = 62 

2. Carbonic Acid Gas (CO^) is a colorless, inodorous gas. 
soluble in its own bulk of water, and about one and 
B half times as heavy as common air. It has a slightly acid 
taste, and reddens vegetable blues, but the blue color 
returns as the acid volatilizes. It extinguishes burning 
bodies, and is fatal to animal life. 

3. Carbonic acid exists abundantly in nature. In the 
gaseous state it forms tbirt^^ P^ ^^ ^^ atmosphere ; it is 
in solution in most spring water, and in some mineral 
waters to a considerable degree ^ it is found in the largest 
quantity, however, in solid combination with lime, mag- 
nesia, &c., for it is a constituent of all chalk, limestone, 
marble, coral, and shells. 

4. Carbon and oxygen, as already stated, do not appear 
to combine by direct action at common temperatures : but 
compounds which contain carbon, when undergoing the 
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of ieniKiiteilioii, yidd a large qiiantity of ctrlMnio 

adA It is giyen off by plants during darkness ; and is a 
constant product of respiration, of animal and yegetable 
putrefaction, and of combustion. 

5. Carbonic acid may be formed (synthetically) by tbe 
combustion of any substance containing carbon; the 
several bodies named in the preceding chapter are shewn 
to be carbon from their each producing carbonic acid when 
burned. 

£v. a.— Bum charcoal in oxygen gas, at 
directed on page 27, carbonic acid will be 
generated. 

£r. 6, — ^Hang a lighted taper in a bottle 
filled with common air, so long as it will bam. 
The carbon of the candle will have united 
with the oxygen of the air to form carbonic 
add. 

6. The presence of free carbonic 
acid may be tested by lime-water, Wg. «i. 

"with which it combines to form an insoluble carbonate of 
calcium or chalk, Ca COs. 

Eg. c— On removing the candle from the jar in the last experiment, 
poor in a little lime-water, and having closed the top of the jar,* 
>hake it well, th^ transparent lime-water will soon become milky, from 
the formation of carbonate of calcium. 

•Sr. d, — ^Place a spoonfal or two of fresh lime into a pint of rain- 
water, and let it stand for some hours, occasionally shaking it : the 
water wlU dissolve some of the lime, and form the lime-water alluded 
^ m the last experiment. After it has settled, pour off the dear 
liquid mto* a stoppered bottle, and keep it for future use. 

breathe through a tube into a wine-glass of lime-water, and the 
chsrscteristic milky appearance will prove the presence of carbonio 
add. 

^. «.— Mix six grains of charcoal with 216 grains of red oxide of 

* If using a stoppered bottle, be careful not to close it with the 
*^Pper, otherwise, on the absorption of the gas by the lime-water, the 
atmospheric pressure will fix the stopper, and render its removal 

^cmt. 
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the gu u in the dii* 
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the oiida of mercurr 
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ing carbonic add, lew- 
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nUi.- 2HgO+C=2Hg+C0i 

7, Caibonic acid gu is generally, obtained (attalyticall;) 
through the decomposition of a. carbo- 
oate by the addition of an acid. 

Fragments of chalk or marble (carbo- 
nate of calcium) are to be placed in aach 
s bottle aa traa osed in preparing hy- 
drogen ; and hydrochloric aod diluted 
with water ia then to be poured alowly 
down the fannel. Carbonio acid gaa 
will be rapidly evolvedr and may be 
collected aa naoal. 
CaCX).-|-2Ha= CaCl, + H,0+CO^ 

Br. /—Poor a little It^dioeUaifs add 
upon Bome piecea of chalk ia a Itrgs-nunuhad 
jar, effeneiceDce sriiei from the eacape of 
carbonic acid, wliich, on account of it* den- 
dtj, will remain for lome lime in the jar : 
plnnge a lighted taper into the gai, it will be 




£m. g. — Saipend a lighted taper io a jar, 
or, what is more rtriking, place Mteral pinei 
at different deptba, and then, hating pre- 
tiODiIy filled another jar A with cubonic 
add, ddiei at the paenmatic troa^ or 
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by difplaotment^ potur tb« gas finttPlt ur in the (Dagltm, Just al you 
would pour water, the timers irM'betmoomMtf eaddugoisheA'^r ihe 
carbonic add rues in the jar.- 

The experiment may be varied by ladling the carbonic acid jQrom the 
jar in which it was prepared' in the preceding experiment, into that'in 
which the tapers are, with a small glass 
or tamUerfor a ladle. Also-by plaeiag' 
the delivery tube of the generating ap- 
paratus, fig. 33, 80 as nearly to reiich iMe 
bottom of the jar B. 

8. Owing to its gKttt- density 
or weight compared itith-comttion 
air, carbonic acid may be coilcfdHsd 
by displacement, as* juirf -sbei^, 
that is by occupying the 'spuee ' 
previously filled by air, ' in the 
same way that water does when 
poured into an appascAtly empty 
YcaseL For the same reaaoii» it 
difiiises but slowly in the atmos- 
phere, and is hence apt to remain 
along time in old wells, brevters' 
yatSy cellars, &c., and has frequently proved fatal to persons 
who have incautioosly deseended into such places. (Choke' 
damp,) 

9. Fatal accidents occur nOt unfrequently from inhaling 
the fumes of charcoal^ buruied:in close, ill- ventilated rooms. 
These fumes consist of carbonic acid; mingled with car- 
bonic oxide, both gases* bsing active poisons. Carbonic 
acid beings a produet;- of raspmtioiif'penMma' staying: loilg 
in crowded apartmentiiwh^re' there can be no curf&nf "df 
air, will be destroyed by the accumulated gas, a^ in the 
well-known case of the Black Hole in Calcutta. 

10. Carbonic acict does not, like nitrogen, cause death 
simply by excluding . oxygen, and thus producing* suffoca- 
tion, but it is in itself a nartotic poison. Ai^ containing .a 
proportion of the gas insufBeient to extinguish flame, will 
produce fatal effects if long breathed, gradually induciqjg 
atupor, insensibihty, and death. 
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11. In order to resoBcitate persons who have been 
exposed to the poisonous action of carbonic add, cold 
water should be freely dashed upon them, their hands also 
and feet should be briskly rubbed, until proper assistance 
can be obtained. 

12. In many places, where quantities of materials con- 
taining carbon are undergoing decomposition, streams of 
carbonic add gas issue from the earth, particularly in the 
neighbourhood of Tolcanoes. There is a cave near Naples, 
the lower part of which is covered with a stratum of this 
eas, which proves fatal to dogs and small animals who are 
immersed in it, while men may walk upright without 
danger. The Poison Valley in the island of Java is a 
valley surrounded with mountains, and filled to a considerable 
depth with this deadly gas. 

B (=9 13. Carbonic acid may readi- 

ly be decomposed by heating a 
little potassium in an atmo- 
sphere of the gas. This may 
be done in a dry flask, filled 
with carbonic acid, by displace- 
ment ; or as follows : — 

Ex, h. — ^Adapt to the delivery tube 
of a generating bottle, A, a piece of 
a wider tube, or still better, one 
with a bulb, B, blown in it. Place 
some pieces of chalk in the gas bottle 
** *"• and pour over them some diluted hy- 

drochloric aeid ; place also a globule of potassium in the bulb B. When 
the carbonic acid gas is passing over, apply a lamp, as in the diagram. 
The potassium will fuse and presently ignite, abstracting oxygen fronk 
the gas and leaving the black carbon plainly visible. 

4K+COsss2KsO+C. 

14. When subjected to a pressure of about SB atmos- 
pheres = 36X15 = 540lbs« per square inch^ carbonic acid 
gas becomes a liquid lighter than water. The experiment 
is necesBiuily made in specially constructed vessels^ gene- 
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xally of cast-iron. The liquefied gas^ on being allowed to 
escape from the vessel in which it was formed, instantly 
returns to its gaseous condition, while a portion is imme- 
diately frozen by the cold produced by the rapid evapo- 
ration. A spirit thermometer placed in the jet of gas wiU 
sink to— 90® F., and if a little ether be previously placed 
in the vessel, its vapor issuing with the gas will cause the 
temperature to sink to — 194° F., the greatest degree of cold 
yet witnessed. 

15. Carbonic oxide, CO, is a colorless, inodorous, taste- 
less gas, but slightly soluble in water, and fatal to animal 
life. It wiU not support combustion, but bums, in the 
presence of oxygen, with a blue lambent flame> carbonic 
acid beiiig the product of the combustion. 

16. Carbonic oxide may be obtained by passing carbonic 
acid through red-hot charcoal 5 the carbonic acid is de- 
composed, and yields half its oxygen to the burning 
carbon, C0,+C=2C0. 

17. This takes place in an ordinary fire. The coal at 
the bottom of the grate, where the air is plentiful, receivck 
its fall supply of oxygen, and becomes carbonic acid : the 
heated fuel above, where the quantity of air is limited, 
takes half the oxygen from this carbonic acid, and reduces 
it to the state of carbonic oxide, which passes to the top 
of the fire, and there, where air is once < more abundant^ 
boms with its characteristic blue flame,* being again con- 
verted into carbonic acid. The several steps may be shown» 
as follows :7« 

Ist step, C+20» CO2, at the bottom of the grate 

2nd step, CO24. Ca2C0, passing through the fire. 

3rd step, 2CO+20=2COtt on the top of the fire. 

18. Carbonic oxide may be obtained by heating a car- 
bonate snch as chalk, with iron filings, or with charcoal; 

* It may be readily observed in a charcoal stove, or when an ordi- 
nary fire is burning clear or frosty, as it is sometimes termed. 



in tiOtar ctw the caibonste ia decomposed, die irm or t!ta 
chircoal abMrbmg 'a. portion of dte orfgen &0111 the car- 
bonieadd. 

Thus:— CaCO»+Fe = CsO+FeO+CO.- 
or CaCO,+C = C»0+2CO. . 

19. The moit conTenient mode oE piwpsni^ oubo- 
nic oxide u by gradually heatiog some oz^c acid, 
H,C,0^, in a ui^ retort, with about five er six times the 

veight Qt strong snlpburic acid. Th« oxalic acid is de- 
composed into car- 
bonic acid, carbonic 
oxide and water ) 
by passing the gases 
^nnrii lime-water 
in a Woidft's botde, 
the carbonic add 
may be absorbed, 
. Iparing: the carbonic 
oxide tO' be received 
at the tron^ in- the 
pi»..w. nsuriway. 

20. The reaiNian«nse«««bUews<:— Oxalic add-contniiB 
«De atom of eaibonio aside, oneotom of carbomc «dd-gaa, 
md one atomL' of. wftti* ) meivawr^e'tteid cannMexist 
except in combination with water or some boae'T the 

.•stroBg-aulpirano'aGid deprifes- it of- itK'vMer of '-crystalli- 
sation, and the gssea ate immediately set frea j titos'-^ 

(C,0,.H,0+H,SO,) = (H^O»+H,0),+CO.+00. 

21. For*' cartionto'oxide'mi^be^obtnned'Sf'onoe'by 
,the acti<»i o£ strong and hot sulphuric seid (JftBO^ on 
the ferrooyanide of notaasinm. or .pEOSsiats. oC potass 
<K,FeCy) ot (K.FeCX). 
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The decompoBitiou is as foIlowB :-^* 
B:4FeC.N,+6(H2S04+H,0) =: 
2(KaS04+3 { NHOaSO^} + (FeSO^ +6C0 

That is :— 

Terrocyanide of potassiam and strong sulphuric acid 
yields 2 of sulphate of potassium, 3 of sulphate 
of ammonium, 1 of protosulphate of iron, and 6 
of carbonic oxide. 

Ex, t. — ^For small experiments, the gas may be readily prepared in 
a test tube,, by covering a little oxalic acid inrith oil of vitriol, and 
heating them together ; on the gas rising, it may foe ignited at the 
end of the tube, as in fig. 30. 

£XSB€ISBS ON CEUUPTBSXI. . . 

1. Name the pimcipal compounds of oxygen and carbon* 

2. State the properties of carbonic acid. 

3. Name some natural combinations of carbonic add* 

4. How is carbonic acid generated in nature ? 

5. Illustrate the synthetical formation of carbonic acid* 

6. What is a test for the presence of free carbonic add I 

7. Give some analytical process for obtaining carbonic add. 

8. What oonsgqneneea arisa. trom^ the grtsb deaailyrafi catbonie 

add? 

9. What are the iigurious effects of ill-ventilated rooms ? 

10 How does carbonic acid differ from nitrogen in caoslDg the 

death of those who inhale it ? 
11. What means of restoration should be employed in the case of 

persona poiseaedby carbonic add gasf^ * 
12.. Where may quantities' of: cacbomo^ addi .gat - be fbund' free in 

Naturer? 

13. How may carbonic acid be decomposed ? 

14. Explain the liquefaction and solidification of carbonic add gas; 

15. State the properties of earbonic oxides 

16. How may carbonic oxide be obtained r 

ir. Describe the process of combustion in a common fires ' 
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18. Ezjdtm tbe mode of olitiiiiisg caiboide oxide froB m 

of chtik and iron filings. 

19. Beieribe the proceu of obtaining carbonic oxide firom oxalic 

add. 
30. Describe the xeaetioB that takes place on the decomposition of 

oxalic add. 
21. How may carbonie oxide be obtained without any mixtnre of 

carbonic add ? 



CHAPTER XIL 

CARBOK XSD ITS coMPOTTinDS — contmued. 

!• Carbon combines with Hydrogen to form a yery 
nnmerooB class of compoands, termed Hydro-carbons, 
which are all highly combustible. Most, if not all, of 
theae belong strictly to organic chemistiy, inasmuch as 
they always arise firom the decomposition of oi^anic 
bo£es. 

2. Two of these hydro-carbons, howeyer, exist ready- 
formed in nature, viz. : — 

light Caxburetted Hydrogen, (marsh-pas, or Jire-damp,) 
CH4 = 16. 

Heavy Carburetted Hydrogen>(oZ^a)t<.^af,)C3H4 = 28. 

3. Light Carburetted Hydrogen is a colorless, tasteless, 
and nearly inodorous gas, about half as heavy as common 
air, and but slightly soluble in water. It cannot support 
respiration, though it does not appear to be actually 
poisonous 

4. Like pure hydrogen, the light carburetted hydrogen 
will not support combustion; but unlike that element, 
which may be inflamed by a red-hot wire, it cannot be 
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ignited till raised to a white beat, when it bums with a 
yellowish flame : the products of its combustion in com- 
mon air, being water and carbonic acid ; thus — 

CH4+40-COj+2H,0 

5. light carburetted hydrogen is formed abundantly in 
the mud of stagnant pools and marshes, by the decompo- 
sition of yegetable matter under water, hence it has been 
named marsh gas, 

6. It may be obtained from this source by stirring up 
the mud at the bottom of a pond, and collecting the 
bubbles of gas, as they rise, in a jar or bottle filled with 
water and inverted over them. The gas thus procured is 
almost always mixed with a little carbonic acid and nitro- 
gen, arising from the decaying vegetable matter. The 
carbonic acid can be removed by agitating the gas in a 
bottle with lime-water, while the small quantity of nitrogen 
will not interfere with the exhibition of the peculiar pro- 
perties of the marsh-gas. 

7. As coal is without doubt a substance of vegetable 
origin, it is not surprising that light carburetted hydrogen 
is ^quently found in coal mines, issuing from fisssures 
m the strata or seams of coal, in consequence of the de- 
composition of that mineral. 

8. When mingled with from six to fourteen times its 
balk of air, it forms the dangerously explosive mixture, 
termed by Uie miners. Fire-damp. 

Carbonic acid, as already stated, is produced by the 
combustion, so that those miners who escape the immediate 
effects of the fire or the shock, are often suffocated by this 
poisonous and deadly gas, knovm by the miners as the 
after-blast or choke-damp, 

9. Light carburetted hydrogen may be obtained in 
purity by strongly heating in a retort or flask a mixture of 
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2 parts of cryBtallized acetete of aodiam (NaG^H^a + 6HO), 
2jpart8 of solid hydrate of potasshim or caosiiG potass 
(&0)y and 3 parts of qmddime in powdery €aO. 




]ng.8& 

The gasy vrhich is disengaged in abnndance, may be 
collected over water, as usual. 

10. The acetate of sodium is first rendered anhydrous by 
the heat, and then decomposed, the elements of each 
atom of acetic acid imiting with the oxygen and hydrogen 
of one molecule of water and rearranging themselves into 
two atoms of carbonic acid (which remain in the re- 
tort combined with the potassium and sodium), and two 
atoms of light carburetted hydrogen. The use of the 
lime would seem to be to prevent the hydrate of potassium 
from attacking and fusing the glass vessels. 
The reaction may be expressed in the following formula : 

2(NaCaH302) + 2KHO = Na,C0,+KaC0,+2CH4. 

Ess. a.— Fill a capped glass jar with the gas, screw a jet into the 
stop-cocky and depress the jar into the water of the pneumatic trough, 
so as to force a stream of gas through the jet. Endeavour to inflame 
the gas by a red-hot wire, it will be found impossible to do so ; apply- 
a lighted taper, and the gas will bum with a pale flame, owing to the 
comparatively little carbon it contains (see page 34, § 16). 

JSr. ft.— Perform a similar experiment with hydrogen and carbonic 
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fait, and ofawrTe tkkt each of theie guei inllunei leadilf at a nd 

heat, 

£r. c.—Aibiinpim'ligbtaaibDrettcdiiydiDgeBii'obtiioed from wood 
bf simple heating. ?or thil pnrpoae mwdnit or bits of shavings 
iDa; be heated in a tetl-tube, and the gas borned in a jet, as fut at it 
is fonned ; 6g, 30. The flame is more Juminons on account of the 
su being mixed nith heiTf caiburetted hydrogen, &c. 

U. Envy CuilniTetted Hydrogen, C1H4, u &equentl7 
termed Ole&ULt* ffas, from its property of forming bd 
oily liquid when mixed with an equal volume of chlorine, 
even in the dark. Theaubatance ao formed iBtermedi>u^fA 
liipid, from having been discovered by some Dutch chemists; 
it is a heavy, Tolatile, colorleaa liquid, powesung a aweetiah 
tatte and an agreeable odor. 

12. Olefiant gas is prepared by nuxing strong alcohol 
or spirita of vine in a large flask or retort, with five or 
sii tmea its weight 
of enlphnric add, and 
ippljing heat. At 
Snt alcohol, and then 
ether, distil over ; but 
w the temperature 
rises, the mixture 
dutene, and gaseous 
predacta are evolved 
in abundance. These 
Me olefiant gas, car- 

''onic acid, and anl- ^'e- bb- 

pturons acid ; the two lart-named substances may be re- 
noied by paaaisg the mixed gases through lime-water, 
M they come from the retort, or hy allowing them to stand 
'"w water for aome time, 

• Olefitnl— flieftnen*. oa-maling, ftom okum, oU, and facie, I 
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13. A mixtare of sulphuric acid and alcohol forma a pecu- 
liar compound (SulphoTinic acid, C3H«S04 + H^O ), which 
is readily decompotsed by heat, yielding different products, 
according to the temperature employed. 

If the mixture boil at a temperature— 

Below 260^ the alcohol distils oyer unchanged. 

Between 260^ and 310^, ether and hydrated aulphoxic 
acid are formed. 

Above 320^, olefiant gas, &c. are produced as above 
mentioned. 

14. These changes may be explained by the affinity snb- 
flisting between sulphuric acid and water. When alcohol 
is heated with excess of sulphuric acid, so as to raise the 
boiling point above 320^, the acid separates the water from 
the olefiant gas, and the latter is given off. 

CH,0+H,S04 « (H,S04+H,0)+CH4. 

The blackening of the mixture results from a secondary 
action of the sulphuric acid upon a porfion of the alcohol, 
by which carbonic and sulphurous acids with other pro- 
ducts are formed while some of the carbon is deposited. 

15. Olefiant gas is colorless and tasteless, soluble in 
about 8 times its bulk of water, and somewhat lighter than 
atmospheric air. It is fatal to animal life, and very com- 
bustible, burning with an intensely bright flame. When 
exposed under pressure to a degree of cold 166° below 0°, 
it can be condensed into a transparent, colorless liquid. 

16. For complete combustion : — 

One volume of marsh gas requires 10 volumes of air, 
or 2 volumes of oxygen. 

One volume of olefiant gas requires 15 volumes of air, 
or 3 volumes of oxygen. 
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17. The light emitted hy ordinary coal-gas is dae to 
the heavy and light-carburetted hydrogen which it con- 
tains : its illuminating power being in proportion to the 
quantity of the former. Yarious YolatUe hydro-carbons 
increase the luminosity of the flame« and give to the gas a 
peculiar odor. 

18. Gas for illuminating purposes is generally prepared 
from bituminous coal, by subjecting it to destructive dis- 
tillation in cast-iron retorts maintained at a bright red 

beat. 

19. A variety of gaseous and vaporous products ara 
given off during the process, the chief of which are defiant 
gas, light carburetted hydrogen, sulphuretted hydrogen^ 
caibonic acid, ammonia, and tar, while the carbon of the 
coal remains in the retort in the form of coke. 

20. The amount and character of products just men- 
tioned vary in proportion to the temperature to which the 
coal, &c., is exposed. The gases become more abundant 
with an increase of heat, but less valuable, on account of 
their losing carbon, and therefore burning vrith a less lumi. 
BouB flame. 

21. Goal gas, as it issues from the retorts, cannot be 
directly employed for illumination, since it contains pro-^ 
ducts highly offensive to the smell, as well as some that 
^ould condense and block up the pipes through which 
they might have to pass. 

22. The gas, &c., on leaving the retort, is received in a 
large horizontal pipe half filled with water (the hydraulic 
main) ; from this it is made to traverse a series of iron 
pipes kept constantly cool (the refrigerator)^ till it reacheai 
a vessel termed the condenser ; during this course the am. 
monia, tar, and other vapors have been condensed. 

23. From the condenser the gas passes onward into 
Miotber chamber {the purifier), where it is forced through 
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a cream-^like miiAtire of line ani crater; ^hicli* removes the 
Bolphiiretled -hydfo^n< and 'carbenieadds. 

The gaa, thvs-purifiedi iBcoBdtieted into large vnettom 
(gaaomtten)^ whenceit is eonveyed by pipes to' the ' ^Kits 
where it may be re<|iured. 

24. A gas (fiU-gas) richer in heavy carboretted hydrogen, 
and therefore move valuable for iUamioating poipo^es^ may 
be obtained eimply by dropping refaae oil, or resui, into 
red-hot retorts filled with coke. The gas so prepared is 
free from the salphuroos and ammoniacal compoands con- 
tained in coal gas, but the expense of the materials has pre- 
vented its general adoption. 

25. According to Dr. Ure's statement, 

1 pound of good coal yields4 cubic feet t)f illuminating^gis. 
1 „ „ resin „ 10 „ „ „ „ 

1 „ „ oil or fat 15 „ „ „ „ 

26. The same author computes that an amount of light 
produced from wax for one shilling, would cost 8^d. from, 
tallow. If d. from oil, and somewhat more than f d. from 
coal-gas. 

" One pound of mould candles (six to the pound), if 
burned in succession, will last 40 hours ; 1 ly cubic feet of 
gas, burned at 500 cubic inches per hour, will give the 
same hght for the same time.'* 

Ex. d, — ^Place a little coal at the bottom of 
a long test tube, and above it a loosely fitting 
plug of rag or paper moistened vrith water'; still 
nearer the mouth of the tube place another plug 
moistened with sugar of lead. Heat the ooid 
by a lamp or blow-pipe flame, it will be decom- 
posed; the first plug containing water'will retain 
the a^nmonia, the second will retain the sulphu- 
retted hydrogen, and become black from the 
sulphuret of lead formed. The gas as it issues 
from the jet may be readily inflamed. - 

Ex. d. — Fill the bowl of a common tobacco- 
pipe with coal-dust, cover it with sand or clay, 
'^US'*^ and place it iu the fire; when hot, caibii- 
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retted hydrogen gas wittbe'et(ftv^d, andlnsy belighted 'attlik'eAll' of 
the stem of the pipe. 

Ex./, — ^Mix together 3 parts of oxygen and 1 of ooal-ga^.- Bloi^ 
soap babbles with the mixture, (as in ex» /• page '34)»- and* inflame 
tbem by a candle ; they will detonate with a Tery loud report.* '•' ' ' 

Ex, g. — ^Mix together in a stodt' soda-water b(iUle 1 'volntiier of eotf 
gas and 10 of atmospheric air» cork the botde and'wrap ft-fti'acloth-to 
prevent accidents. Then uncork the bottlei and holdmg the'moiith 
away from you, apply a flame to -the mixed gases^ expAosioB wUtiike 
place. This shows the care requisite in entering any apartment, in 
which an esca^ of gas has takeri place, with a lighted" «A&dlek 

Ex. h, — ^Mix together in a tall glass jar 1 to- 
lame of olefiant or coal-gas, and 2 of chlorine; 
inflame them by a lighted candle; the result will 
be hydrochloric acid, with a deposition of char- - 
coaL In this experiment the coal-gas is decom- 
posed, its carbon falls down, while its hydrogen, 
uniting with the chlorine,' forms the acid men- 
tioned (chap. xvi). 

Ex, L — Let a jar half full of olefiant gas be 
placed on the shelf of the pneumatic trough, and 
then filled up with chlorine gas. The gases will 
gradually unite, forming an oil-like substance, 
which floats on the water as it ascends in the jar. 
cause of the name olefiarU. 




Fig. 41. 

This shews the 



EXERCISES ON CHAPTER XII. 

1. What are hydro-carbonS ? 

2. Name the most important hydro-carbons. 

3. State the properties of light carburetted hydrogen ? 

4. What temperature is required for its ignition? What are' tr.e 

products of its combustion in common air^ 

5. Why has it been termed marsh-gas t 

6. How may it be naturally obtained ? 

7. In connection with what mineral is it found ? 

8. What is meant hyfire'damp'Sind choke-damp? 

9. How may marah-gat be artificially prepared? 

10. Describe the reaction that takes place in the above process. 

11. What are olefiant* gas, and Dntch liquid ? Whence do they de- 

rive their names ? 

12. How may olefiant gas be prepared ? 

Q 2 



13* Sttte the peenlitritiet in the decompcmtion of a mixture oi 
alcohol and •ulphnric acid. 

14. How are the changes obserred in the production of olefiant gas 
to be acooimted for P 

15. State the properties of olefiant gas. 

16. State the quantities of air or oxygen necessary for the com- 
plete eombnation of marsh gas and olefismt gas. 

17. To- what is the illuminating power of coal-gas due f 

18. How is illuminating gas prepared ? 

19. What are the chief products of the destructive distillation of 
ooalP 

20. What effect has the heat of production on the luminous qualities 
of coal-gas? 

21. Why does coal-gas need purification ? 

22. How are the yaporons compounds in coal-gas removed ? 

23. Why is coal-gas passed through lime-water ? 

24. How is oil-gas prepared, and in what respect does it differ from 
coal-gas } 4 

25. State the comparative quantity of gas given from coa], resin^ 
and oil. 

26. State the comparative cost of light produced from the com- 
bustion of different bodies. 
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FLAME. 



1. Flame is the combustion of gas or vapor raised to so 
high a temperature as to emit light as well as heat. 

2. Two conditions are necessary for illuminating flame^ 
viz. : — a sufficiently high temperature, and the presence of 
solid matter within the heated space. 

3. The temperature may he very high, when the light is 
feeble, as is seen in burning together pure oxygen and hy- 
drogen, the flame being scarcely visible in the day-time, 
though its heat is intense. (See Chapter V, §§ 15, 16.) 

4. The elements of wood, tallow, oil, illuminating gas, 
&c., with which oxygen unites in ordinary combustion, are 
chiefly carbon and hydrogen -, the former of these escapes 
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into tlie air as carbonic acid» the latter as water in the state 
of vapor. 

5. Ordinary flame is not a solid mass of fire, bat rather 
a hollow, luminous cone, in the centre of which there is no 
combttstion. 

6. In the burning of a candle, (which affords one of the 
best flames for illustration,) the wax or tallow being first 
melted by the heat, rises in the wick "by the force of capil- 
lary attraction : and although the wick supplies some 
oxygen and hydrogen, by far the greater part of these is 
furnished by the decomposition of the wax or tallow, which 
bum in connexion with the oxygen of the air. The supply 
t)f heated vapor diminishes as it ascends, and eventually 
ceases, and hence the flame of a candle tapers^o a* point or 
becomes conical. 

7. A flame, if carefully observed, will be found to con- 
€iBt of three distinct parts, viz. : — 

A dark central space, h ; a highly luminous cone en- 
veloping it ; and on the exterior a BtconA faintly luminous 
cone, aa, having a high temperature. 

8. The dark central space, in which there is co com- 
bustion, isfiUed with unbumed 
gas arising from the wick. 

Eat, a. — This may be proved by 
inserting one end of a small glass 
tube into the dark portion of 
the flame of a large candle; the 
unbnmt vapor will escape through 
it, and may be ignited at the other i ' f/ ctlf^\l\0( 
end of the tube. 

Eg. 6.— The fact that the flame 
is hollow may also be rendered ap- 
parent by stretching across it a fine 
iron or platinum wire, when the 
•central portion oC the wire will 
appear dark, while the parts near Fig. 42. 

the exterior of the flame are raised 
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to a white heat In thii way we can readily ucerfaun where the tem- 
perature of the flame is greatest. 

Em, c. — Hold a piece of wire gauze oTef 
the flame, and while combustion is going on 
only below, look down upon it and obsenre 
that in the centse there appears a dark spot, 
from which gas rises through. Ihe gauze, 
surrounded by a ring of light. 

9. The highly luminous cone sur- 
rounding the dark centre consists of 
carburetted hydrogen, or iliaminating 
. gas, the hydrogen of which bnms^rj^. 
Fig. 43. while the great heat evolved raises 

Ihc^ particles of carbon to a state of iutense ignition. 

. . 10. In the faintly luminous ^^iterior cone, the carbon 
partides are consumed, formiQg.durbQnic acid "with the 
oxygen of the air. 

JEr. ^.-^That the luminous part of the flame consists of intensely 
ignited particles of charcoal, may be shewn by introducing into it any 
cold body, as a knife, a glass rod, an earthenware plate, or an iron 
spoon, wMch will become Uaekened by tbe'doeompositum of tiie lamp- 
black or carbon. 

11. The reason the carbon particles are not consumed 
mth the hydrogen in the highly luminous cone may be 
thus explained. Carbon and hydrogen differ in dieir 
attraction for oxygen, the latter greaUy. exceeding. the for- 
mer; consequently, when both are. present, and the supply 
of oxygen is limited, the hydrogfp:! . takes all, leaving, the 
carbon to bum where it can obtain, a. farther supply of 
oxygen, which it does in the exterior flame. 

12. If oxygen be mingled witb,^or idnven into the flame 
as in the oxy-hydrogen light (Chap. V. §f 18, 19), or by 
the ordinary blowpipe, the hydrogen- and carbon burn 
together ^ and the luminosity of the- flame almost entirely 
disappears. 

13. In an Argand burner, whether oil or gas,' -air is -per** 
Bsitted to enter through the centre of a circular wick, or a 
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xMag of gas jetSy so tliat the intensity of heat is increased, 
XDore gas is consumed in the same space than by any other 
mode of combustion, more carbon therefore is precipitated^ 
Bud this being more, intensely heated, greatly increases the 
luminosity of the flame. 

14. If the central opening through which the air is ad- 
mitted be closed, part of the supply of oxygen necessary 
for complete combustion is withdrawn ; the flame* becomes 
elongated as if in search of air, the heat is less intense, less 
carbon is consumed, and being at a lower temperature, with 
a feebler light ; the unconsumed carbon gires a yellowish 
tinge to the flame, and is finally deposited in the form of 
lamp-black : in short, the lamp smokes. 

15. The effect of diminished temperature on the bril- 
liancy, and .on the very existence of flame, may be further 
illustrated as follows : — 

Ex. f. — ^Form a small coil of metal, by winding some copper wire 
several times- vound a pencil ; place the coil gently over the wick of a 
wax or composite candle, so as not to touch it, the flame will be ex- 
tinguished. The mass of metal being a good conductor of heat, 
abstracts it so rapidly from the burning, gas, that the latter can no 
longer maintain itself at a white heat, the temperature necessary for 
flame. If the coil be heated before trying the experiment, no such 
effect will follow. . 

16. A piece of wire gauze placed over a flame, as in 
JSx. c, arrests it, not by stopping the passage of the burn- 
ing &^» hut by cooling: it below the necessary temperature, 
as it passes through. 

.flk y<t<^Iiitercept a flame by. a piece of wire gauze, and apply a 
light to the upper surface, the unconsumed . gases which were rising 
tl^ogh the meshes of wire will be inflamed. 

JEr. A.-«>HQld a. piece of. wire gauze over a jet from which gas is 
issuisg) apply a light above the gauze, the gas as it passes through 
will bum^ but will not inflame that beneath; By gently 'raising the 
gauze' tlMrflame may be rtmoved«e«si«l inches above the gas jet. 

17- The foregoing expenments illustrate the principle 
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«f the lafety lamp> invented by Geoi^e Stephenson, the 
celebrated engineer, and by 
Sir Humphrey Davy, with a 
»iew to prevent the fetal ex- 
plosiona of fire-damp so fre< 
qnentin coal-pita. The Dory 
lamp conBiHta of an ordinary 
oil-lamp, h, surrounded by a 
cage or casing of wire ganze. 
Oil is iupplied through the 
opening at a, and the wick 
can be regulated by the wire 
e, without opening the ganze 
easing. Fire-damp can only 
be inflamed nhen raised to a 
white heat ; if it come into 
contact with an nnshielded 
candle, it of course inflames 
and explodes immediately. 
The safety-lamp, however, 
guards against this explosion 
' by confining the combastion 

"•■**■ of the mixed gases forming 

the fire-damp within the gauze cage, and preventing the 

flame from communicating with the rest of the fire-damp 

Outside. 

18. The aafety-lamp must be regarded not only u a 
kecnrity against suddeu explosion, but also as conveying a 
warning of danger, and affording time for escape ; for if 
the wire gauze should, by the ignition of a highly com- 
bustible mistnre within, beoome ignited to whiteness, the 
exterior gas would of conrge take fire, and explosion follow. 

19. Hemming's jet for bnrniag the mixed gases, already 
referred to (Chap. v. $ 31), acts on a similar principle to 
that of the safety-lamp, the cooling power of the metal 
tubes formed br the wire* being so great as to prevent 
the passage of flame 



20. The inner laminoas cone (§ 9), with the heated gas 
within, has deoxidizing effects — that is, it will reduce metallic 
oxides exposed to it to the metallic form. * This it does 
because it contains much carbon and hydrogen, which take 
the oxygen from the oxide, passing off as carbonic acid and 
water, and leaving the metal behind. 

21. The exterior faintly luminous cone, on the contrary, 
has an oxidizing effect, owing to the abundant supply of 
heated air near it. 

Ex. t.— Hold a strip of tarnished copper upright in the flame of a 
spirit-lamp or candle, the part within the flame will lose its tarnished 
appearance, while the outer portion will become more deeply oxidized, 
and consequently darker. These changes may be readily observed by 
moving the metal to and fro, and noticing the variety of color pro- 
duced. 

22. The peculiar effects of the oxidizing and deoxidizing 
flames may be still better obtained by means of a blow-pipe 
or tube, through which air can be conveyed into the cen- 
tral space of unconsumed gases. (§ 8.) 

23. These gases being thus supplied with air, combustion 
goes on both in the centre of the flame and at its outer 
border, the heat is necessarily increased, and the flame 
elongated, consisting of two cones — the inner, blue ; the 
outer, yellow. 

24. Between these two cones there is still a portion of 
the flame where consumed gas is present, as in § 9, and 
where the amount of white-hot carbon is ready to abstract 
oxygen from any oxide exposed to it. This part of the 
flame is therefore termed the reducing flame, and anything 
to be reduced must be held within it. 

25. The extremity of the outer or yellow cone of the 
blow-pipe flame is termed the oxidizing flame, having 
a similar effect to the faintly luminous envelope of an ordi- 
nary flame, § 10. Substances to be oxidised should be 
held a little in front of the visible apex, for it is the 
heated air rather than the actual flame which produces 
the oxidation. 
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EXERCISES OK CHAPTER XIII. 

. • > 1. ' Oite ft definitioii of flame. 
. , 2. .Wkat are the coaditieat ae c enaF y for ill«iDiB«tioii ? 

3. 1 lUuttraie 4bA nlatioos beUneen theiight aad hnft ot flame. 

4. What becomes of the elements of abumbig candle ? 

5. What 18 the character of ordinary flame ? 

6. Trace the progress of combustion in a candle. Give a reason 

ior the conical form of its flame. 

7. Into what parts may an ordinary flama be divided ? 

8. In what part of the flame is there no combasj^om.^ .Giva proo£i. 

9. Account for the luminosity of the inner cone. 
.. 10. Where are the carbon partidea consumed } 

1 1 1. Why it tiie carbon not conanmed m tlie<inner cone ? 

.. .12L What would be the effect tf the cavbca and hfimggm bnrned 

. 1 3v What it the principle of. an Ai^nd burner ? 

14. Explain the effect of diminished draught on an Argand boner. 

15. Illustrate the effect of temperature on flame. 

16. Why does wire gauze intercept the passage .of flame ? 
' 17* Describe the safety-lamp. 

1 18. When is a.Bafety«lamp unsafe ? 

19. What is the principle of lkmniQg'a«qr»liydBogett jet? 

20. Why does 4he body of an ordinary flame, mhtce- metallic 
^des? 

.' 1.2I4 'fiow is^the oxidiaiag effect of the exterior enydope tff an ordi> 

iNKy. flame accounted for ? 

., . . ?2. .How may the chemical effects of flame ht snon'iaadily applied ? 

23. What is the effect of blowing air into the centre'Cif a flame ? 

24. What is meant by the reducing flame of the blow-pipe ? 

.. .. 25. Where is the gf eatest oxidizing power of the blow-pipe flame f 
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. CHAPTER XIY. 

jn9^puMM:*.'rSifmM&i combining weight 32 

1 . Snlpliiir, or hrimstane, is a ydlow, brittie, eryBtalline, 
and combustible^ solid ; tasteless, inodorous (except when 
rubbed), and, perfectly insoluble in water. 

2. Sulphur is found. pure or no/tWin different parts of 
the world, often in connexion with beds of gypsum and 
rock-salt, but more especially in Tolcanic districts. The 
greater part of the sulphur of commerce is obtained from 
the island of Sicily, where it is quarried from large 
deposits. 

3. Sulphur in a state of combination is universally dif- 
fused throughout nature. It is found in . plants . and . .ani- 
mals, while in 4h« mineral' kingdom it forms the numerous 
and important, compounds termed sulp&ureia or sulphides, 
and sulphates. 

4. Sulphur melts readily at a temperature of 226^ F.,. 
forming a pale yellow liouid y at 300°, it begins to thicken 
and turn brown ; at 450^, it changes to a thick, tenacious, 
treacle-like body ; at 480°, it. becomes once more a thin 
liquid 5 and at 600°, it boils, giving off a deep reddish-brown 
vapor, which is condensed by cold into a fine yellow powder,. 
. tamt^fiaweys or rather ^^tu^. ofsxilpkur. 

5. If.ibe thick, ..tejoaciQUSy. treacle-like. substance just 
jnentionied be poured into water, it becomes soft and 
elastic, likcincuajQ^-rubber, and may be used for taking 
impressions ofcoins« seals, &c. This is an allotropic form 
of sulphur ; after a while it becomes once more brittle and 
eryslalline. 
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6. The process by which a solid substance is evaporated 
and again condensed into the solid form, is termed subli- 
tnatton, as distinct from dUttllatian^ in which the vapor is 
condensed into the form of a liquid. 

£g, a, — Melt a quaQtity of sulphur in a crucible or deep iron ladle, 
then let it aside to cool ; when the surface is congealed, pierce the 
crust with an iron wire, and pour out the still liquid sulphur beneath ; 
let the crust, &c. remain till perfectly coldj and then, on turning it 
out of the crucible, the sulphur will be found in long needle-shaped 
crystals. 

Ex. b, — The union of sulphur with a metal, and thereby forming a 
sulphuret, has been already noticed {Chap, III. Ett, e.) 

7* The parity of sulphur may be judged of by heating 
A portion on a piece of platinum foil ; if pure, the sulphur 
wili burn away without leaving any residue. Common 
flowerB of sulphur are sufficiently pure for all ordinary pur- 
poses. Jtott sulphur is merely sulphur melted and cast in 
cylindrical wooden moulds. 

8. Oxygen and sulphur form several compounds, all of 
which possess acid properties, for there is no neutral oxide 
of sulphur known. The principal of these compounds are 
as follow :— 



Anhydride. 


Acid. 


Snlphurons • . SO, ; 


H2SO,. 


Sulphuric . • SO, ; 


H,S04. 


HyposulphnroTU . SsO ; 


HAO,. 


Hyposnlphnric • SA ; 


Ha&O^ 



9. SnlphnroTU acid gas, SO,.— When sulphur is heated 
in the air or in pure oxygen to about 300°F., it inflames, 
And combining with the oxygen, forms a colorless, trans- 
parent gas, having a peculiarly disagreeable taste and a 
most suffocating^ odor : this gas is sulphurous acid, and is 
^ven off every time a sulphur match is ignited. 

10. Sulphurous acid gas is more than twice as heavy as 
common air ; it extinguishes burning bodies, is uninflam- 
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inftble,ano inatantiy ffttal to animal life.* Cold water dis- 
Kihet about 35 times its bulk of the gas, vhich ia eTaWed 
unaltered nbeu the aolution ia heated. The aqueons ao- 
lation, like the gas itself, has the property of bleaching 
■ome animal and vegetable substances. Hence the *apor 
of burning salphor is used for whitening, silk, wooUen 
or straw goods, discolored paper, and numerous other 
articles. 

Bx. e. — Burn snlphnr in oxygen (u ahown Ck^. tV. 
Xx. c), obserre the ftmnition ot Bulpburoui acid ; when 
Ihe tnlphiiT hai burned out, introduce b lighted taper 
into the jar, the fliune will be inttanilf extinguiihed. 

Bx. d, — Immene a piece of moiiteDed litmni paper 
in a jar of the gu, or hold it in the fumei of burning 
snlphnr, it will at fint be reddened and aflerwardi 
•b«lT bleached. 

£r. e. — Dip a buncb of Tioleti, a red 
roie, peony, dahlia, or lonie other flower, 
inla a iolution of aolphuroaa add, or ana. 
peod it in die fnmea of the gaa, aa in the 
diagram: the color will be apeedily di*. 
ih^ed. Mmiten the bleached flower 
with tome ammonia, the action of the anl- 
phurona acid will be neutralized, and a 
peta color wiU be produced. 

El,/. — Pa>i aome tulphnrona add throngh 
u infoiion of red cabbage, which haa been 
tendered green by mixing with it a little 
•oda or potaai ; the lolation will gradually 
redden, and at length become colorleia. 
Diride the colorlei) liquid into two poitioni, add 




* "For (bia reason burning aulphur ia used to destroy bees in the 
lii™ previous to taking the honey. A bundle of lighted matches will 
ctTectually destroy all the bees of a hive, aomelimea 20,000 io number. 
Inaerta to be preaened for thecabinet are mostly killed by the fumes 
of lulphur, though the fumes of pmuio add are pnferable, becauaa 
lolphur iometimes injure* their colors," — Franeit. 
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ric acid to «ne, « red color will 
be produced; add loine potast 
or toda to the other, and it will 
become * green. This thewi thttt 
the coloring' milter^ thoagli tmtJ 
dered mvitibh bjtbe gat^'Wat 
not d/Hlmyed, • 

11. Sulphurous' acid gas ^B 
may be readily liquified at ET~ 
the ordinary pressure of the \ 
atmosphere, by passing it 




Fig. 48. 



through tubes surrounded by n mixture of' salt an** anotir, 
which produces a temperature of C; or by strbjectJlrr^ it 
at the freezing point of watery 32^, to the pre8sai#-of two 
atmospheres. 

12. Sulphurous acid gas may be readily obtained by 
heating copper turnings, pieces of copper wire, or metallic 
mercury in a retort or tube with sulphuric acid. A portion 
of the acid is decomposed, and gives up one third of its 
oxygen to oxidize the copper ; this is immediately dissolved 
by another portion of acid, and forms sulpkateof copper; 
the sulphur of the decomposed sulphttric acid is set 'fr^ in 
combination with tho remaining two-thirds of oxygen, 
forming sulphurous acid gas, which may be collected over 
warm water, or by displacement, 

{Compare the process for obtaining Binoxide^ofNitr^en, 
Chap. VHL §§ 13, 14.) 

13. Two atoms of acid are necessary to each atom 
of copper, to produce a perfect decomposition, thus — 



2CH,S0J+Cu = CuSO4+2H^0+ SOj, 
', more fdliy, as follows s«>«' 
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9S 



H,SO^ = 



Cu 




2H,0. 



CaSo^. 



14. Aqueous sulphurous acid may be readily formed by 
passing a. current of gas through cold water, as shown in 
fig. 48. This solution may be kept unchanged as long as 
air is excluded; but when exposed to oxygen it sloiily 
combines with it, and forms sulphuric acid. The com- 
pounds of sulphuroM acid are termed sulphtVe^. 

15. Sulphuric acid» H^SO^. This powerful acid has 
been long known and extenslTely employed in its hydraUd 
state, that is in chemical combinatieA with water. Two 
varieties of the acid are known in commerce, both of which 
are liquid. The anhydrous acid, «s it is termed, is merely 
an object of curiosity, and does not appear to possess acid 
properties («e^ C^^. VII, § 15). The names, symbols and 
eqaivalents of these* three compounds, are as follows : — - 

Anhydrous sulphuric acid .... SO, » 80* 

Hydrated sulphurie aoid (o«7 q^ri^noZ) H.OjSO, = 98. 
Fordhansenorfiuning^ulphuricacid, II,0,2S0, =»>178. 

16. Sulphurie acid was formerly obtained by the distil- 
ktion of sulphate of iron» FeSOf + 7H0, called by the 
alchemists, green vitriol ; hence the acid is still sometimes 
termed vUriolic acid, though from its oily appearance, it is 
most commonly known « as oil ofvUrioU 

17. This process b still followed at Nordhatisen in Sax- 
ony, hence the acid produced by it is termed Nordhausen 
acid ; its other name oi fuming sulphuric acid arises from 
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the fact of its emitting white yapors of hydrated sulphuric 
acid, H^SO^, by uniting with the moisture always present 
in the atmosphere. 

The Nordhausen acid is chiefly prepared for the purpose 
of dissolving indigo, the solution so formed being very ex- 
tensively used as a blue dye. 

18. In ord^r to procure the Nordhausen acid, the sul- 
phate of iron, FeSO^+THsO, is strongly heated, so as to 
expel the greater part of its water of crystallization. The 
nearly anhydrous sulphate is then heated to redness in 
earthenware retorts, by which means it is decomposed ; 
half its sulphuric acid is resolved into sulphurous add gas 
and oxygen ; the latter unites with the protoxide of iron, 
to form the sesquioxide ; while the other half of the sul- 
phuric acid comes over in combination with water, thus — 

4iFeS0^+H,0 = 2Fe,Oj+2SO,+HjO,2SOa. 

19. Sulphuric Anhydride, SOs. — This substance 
may be procured by distilling strong Nordhausen acid 
at a low temperature, and receiving the vapor in a 
receiver kept very cool. It condenses into white, fibrous, 
soHd, silk-like crystals, which liquefy at 66^, and boil at 
about 86", forming a transparent vapor, provided no 
water is present. 

20. Hydrated sulphuric acid, H^SO^. — Sulphuric 
acid in its most concentrated form is a hydrated acid, 
containing one equivalent of water, and is, perhaps, the 
most important of the acids. It cannot be procured by the 
direct combination of its elements, like carbonic or phos- 
phoric acids, which may be obtained by the simple com- 
bustion of carbon or phosphorus in oxygen. The product 
of the combustion of sulphur in oxygen is, as we have 
already seen, sulphurous acid gas ; this, however, may be 
oxidized by mixture with nitric acid vapor, and so con- 
verted into sulphuric acid. 



SULPHUB ANB SELENIUM. 



97 



21. Sulphuric acid is prepared on a large scale by 
heatiDg sulphur and nitre in furnaces, and conducting 
the sulphurous acid and nitric acid fumes along with steam 
ancL atmospheric air into leaden chambers, the floors of 
which are covered with water. 



A is a boiler, 
to afford steam. 
B is a small 
farnftce in 
which sulphur 
is ignited. Over 
the sulphur is 
another Tessel, 







supported on a stand, and containing sulphuric acid and nitrate of 
potass, the materials for making nitric acid, the formation of which 
commences as soon as the burning sulphur has imparted the requisite 
heat. The sulphurous and nitric acid vapors thus produced pass with 
the steam from the boiler a into the leaden chamber, which is divided 
into two parts, c and s, by a partition d, neariy reaching to the floor. 
F is a pipe to carry off any uncondensed gases, and by means of it a 
slight current of air is maintained through the chamber, causing the 
gases to be more thoroughly intermingled as they pass below the 
partition (or alternately above and below, in a series of chambers). 
In this way the water on the floor soon becomes acid ; it is then 
drawn off, heated to 300o F. in leaden troughs, to evaporate part 
of the water, and finally concentrated in platinum stills, till it 
acquires a specific gravity of about 1.850 (water being 1], and boils 
only at 61do. Lead is used as a lining to the chambers, &c. because 
almost any other material would be destroyed by the acid, and even 
the lead itself is corroded by it when strong ; hence, notwithstanding 
the expense, platinum stills, costing from JCIOOO to £2000, are used 
to concentrate the acid, being preferred to glass retorts, on account of 
their durability. 

Ex. g, — Sometimes, instead of forming the necessary nitric acid at 
the moment, vessels containing that acid are placed in the first cham- 
ber in the current of sulphurous vapor. Ignite some pieces of sulphur 
in a deflagrating spoon, and suspend them in a bottle containing a 
little water. After the flame has died out, hold in the sulphurous acid 
gu which fills the bottle a piece of flannel fastened to a glass rod and 
moistened with nitric acid, orange-coloured fumes — hyponitric anhy- 
dride — will immediately form, the sulphurous acid will be gradually 
oxidized, producing sulphuric acid, and the bottle will become clear. 
This is, 00 a small scale, the process already described for the mana* 
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fftctim of the add. To acidify the water to any great extent, the 
ofCfitioii ol igmting the ralphnr, &c., matt be repeated sereral times. 

jKr. A^^Sometinies the aulphor and nitre are mingled together before 
mixing. Mix some small pieces of snlphnr with one-eighth their 
own weight of saltpetre or nitre, and place them on a piece of lead or 
other metal in a shallow vessel filled with water. Ignite the sulphur 
mixture, and iuTCrt a gas jar over it while bnming. The acid fumes 
that arise will be condensed by the water, forming an impure sulphu- 
ric add. This liquid, as well as that resulting fiom the previous ex- 
periments, may be tested by blue litmus paper, the reddening of which 
will shew the presence of an acid ; or by adding to some of the water 
in a wine-glass a few drops of chloride of barium, when a white pre» 
dpitate of sulphate of barium will be formed, quite insoluble in water 
or in nitric or hydrochloric acids. The formation of this predpitate 
ia a sure test of the presence of sulfuric add, dther free or in a 
state of combination. 

22. The reaction occurring between the sulphurous 
acid^ the nitric acid, the steam and the air, during the 
process of manufacturing sulphuric acid, may be explained 
as follows : — 

1. Three atoms of sulphurous acid, dSO^, abstract 

in the first instance two atoms of oxygen, 20, 
from each atom of nitric acid, N^O,, forming 
with the steam three atoms of sulphuric acid, 
8(HgS0^), and leaving two atoms of binoxide of 
nitrogen, or nitric oxide, 2N0.' 

2. This nitric oxide (as shewn €hap. VIIL § 16) in- 

stantly absorbs oxygen from the air, and is con- 
verted into hyponitric anhydride, 2N0g, giving 
rise to its characteristic orange-coloured vapours. 

8. Each atom of hyponitric anhydride so formed, parts 
with half its oxygen to two atonis of sulphurous 
acid, 2S0^, forming with the steam as before 
two atoms of sulphuric acid, 2H,S04. The re-^ 
suiting nitric oxide, 2N0, again takes - oxygen 
from the air, and again gives it to the sulphurous 
acid, and this alternate action goes on so long as 
the supply of sulphurous acid, air and steam, 
continuesv 
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In this way a small unauut of sitric acid suffices to 
Gonyert a large quantity of sulphurous into sulphuric 
acid ; the necessary oxygen being supplied by the air, the 
nitrous acid acting as a carrier between it and the sulphu- 
rous acid. 

The seyeral stages of the process may be thus expressed 
by symbols, the second and third forming a constantly 
recurring series : — 

1st. NA+SSOa+SHjO « 2NO+3HjS04. 

2nd. 2NO+20 = 2NO4. 

3rd. 2NO3 H-2SO,+2H20 = 2NO+2H2SO^ 

23. Sulphuric acid in its most concentrated state is a 
colorless, inodorous, oil-like liquid, exceedingly corrosive, 
haying an intensely acid taste, and a great affinity for 
water. It freezes at — 15®, and boils at 620*. 

So great is the affinity of sulphuric acid for water, that a bottle 
three-parts filled with strong acid, left, open for twenty-four hours in 
a damp atmosphere, would be found completely filled. 

24. When sulphuric acid is suddenly mixed with water, 
much heat is evolved, and on cooling, condensation is found 
to have taken place, the two liquids occupying less space 
than before mixture. Whenever two bodies are thus con- 
densed, or have their particles driven closer together, heat 
is produced. 

Ex. t. — ^Mix four parts by measure of strong sulphuric acid with 
one part of water in a thin glass flask, it will in a few moments be- 
come too hot to hold. 

Ex. >Er.*-.If an ounce of sulphuric acid, of the temperature of 32o, be 
poured over an ounce of snow or pounded ice, of a like ten^p^ature, 
the density of the combined substances will be greater than that of 
the two substances separately ; and in this condensation so much 
latent heat will be given out, that the mixture will reach a tempera- 
ture, almost equal to that of boiling water. 

Eaf. I' — Pulverize quickly in a mortar one pound of ice, and pour 
over it in a tumbler one ounce of sulphuric acid, previously cooled to 
82». Stir the mixture, and the whole will become fluid. If a ther- 

H 2 
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mometer be immersed in it, the temperature will be found very nearly 
(h*, or 32o below the freezing point. 

These two experiments may be reconciled by observing, that in the 
latter case the quantity of acid is only sufficient to liquefy the ice, 
which, on leaving the solid state, abstracts heat from surrounding 
objects, while in the former case the acid being in greater proportion, 
not only liquefies the ice, but unites with the water as in £r. t. 

Ex. m. — ^The corrosive action of sulphuric acid on organic bodies is 
accompanied by a blackening or charring effect, owing to its abstract- 
ing from them the elements of water, and leaving their carbon behind. 
A drop of strong sulphuric add let fall on linen or paper speedily 
destroys it. A stick dipped into the strong acid is soon blackened. 
Its effects on starch, gum, and sugar have been already noticed. 
{Chap, IF, Ex. n. and q.) 

25. Sulphuric acid is extensively used in the manufacture 
of soda from common salt -, also in making chlorine, in 
dyeing, calico-printing, gold and silver refining, and in the 
purification of oil and tallow. In short, its chemical uses 
are almost innumerable. 

26. Sulphur forms two compounds with hydrogen, the 
former of which is a very useful and important body : they 
are — 

SulplmrettedHydrog^en • • • H3S = 84 

Fersulphuret of Hydrogen, . . HS =33. 

27. Sulphuretted Hydrogen, H^S, is a Colorless, trans- 
parent gas, having an extremely disagreeable taste and 
smell; it is somewhat heavier than air, and soluble in 
about one-third its bulk of water, to which it imparts its 
ovm offensive odor and taste. 

It does not support combustion, but is itself combustible, 
burning vnth a blue flame and producing water and sul- 
phurous acid when there is an abundant supply of air, but 
depositing sulphur when the oxygen is deficient. 

This gas is highly poisonous to animals. " A small bird 
dies immediately in air containing tVW^^ P^^ ^^ sulphu- 
retted hydrogen ; -nftnyth part will kill a middle-sized dog; 
and fh^ part will kill a horse." — Brande. 
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28. Sulphuretted hydrogen is produced hj the patre-. 
faction of all organic eubstauces containing snlpbur, as 
flesh, eggs, &c. ; it arises from vegetable matter decom- 
poBiag in connexios vith water and gypBum (sulphate of 
time) ; it frequently issues from the earth in volcanic dis- 
tricts, and occuro in small quantities in certain mineral 
springs, as at Harrogate and elsewhere. 

29. Sulphuretted hydrogen ia usually procured by the 
action of hydro clilo- 

ric acid oo salphuret 
of antimony, or by 
the decomposition of 
Bulphnret of iron by 
sulphuric acid. 

The first method 
yields the purestgas, 
and may be carried 
out by placing finely 
powdered sulphuret 
of antimony, Sb^ 
in a retort or flask, 
pouring over it an 
equal weight of 

strong hydrochloric rig. 60. 

acid, HCl, and heating the miiture ; the gas should be 
collected over warm water, and if pottihle in the open air. 
The reaction is as follows ; — ■ 



).B. = 340^ 



2Sb=2«.-^ 



eHCl = 219 J "" ~ ® 



/6H = 
\ 6C1 =2: 

659 559 

Or, Sb,S, +6HC1 = 28bCI, +8H,S. 



The leecnd method, which yidds the gw most reMdily, is 
by putting prototulphnret of iron, FeS, 
into a generating battle, and poiuing 
over it tn eq^aal weight of dilute- sal- 
phnric Bcid. Each ntom of iron (di- 
atomic) in the protoinlphnret (FeS) 
replaces tii£ double-atom of hydrogea 
ID the acid (H,SO^), and forms pro- 
toBulphate of iron (FeSO.) ; the 
double-atom of hydrogen nnitin with 
Fig.Bi. the Rutphur, and eacapea aa aalphn- 

retted hydrogen (H,S;. The reaction will be teta by the 
following diagram: — 



IS — 84 




186 186 186 

Or thMs, FeS+H.SO, >»FeSO.+H.S. 

30, The BolntioQ of anlphturetted hydrogen In water ia 
of great use to the ohemiat, as a tect for metali, and mora 
especially, it ia an excellent eubBtance for disoovering 
minute portiona of lead, with which it gires a black colored 
precipitate ; with antimony it gives an orange, with ane- 
nioua acid a blight yellow, and with zinc, a white precipi- 
tate. These precipitates are solphnrets of the reapectire 
netala. 

31. The solution may be easily made by passing s 
current of the ffM through water for a short time ; in the 
open air if possible. 
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Sat, ft. — Arrange a series of two or more flasks as in the figure, place 
some water in the smaller one B^ 
and some snlphuret of iron in the 
larger one hi Poor throngh the - 
funnel a little diluted sulphuric 
acid, anlpbate ti iron will be 
formed, and the sulphuretted hy- 
drogen will pass off into the second 
flaak, and be' ^absorbed by the 
water and so on through a series 
of flasks* if necessary. 

32. The solution of snl- 
pburetted hydrogen in water 
is BO prone to decomposition, 
by the oxygen of the air, that 
it soon spoils. The simplest ^ 
and readiest mode of apply- 
ing the gas is by having a. p,g.53. 
small generating flask, like 

fig. 51, always at band, supplied with water and sulphiiret 
of iron ; on the addition of a few drops of sulphuric acid* 
the gas will be immediately evolved when wanted, and 
passed at once through tbe delivery tube into the vessel 
containing the solution to be tested, as in C, fig. 52. 

£x. o. — Pass jsome gas as just described into a solution of acetate 
of lead or nitrate of sUver in water, black snlphuret of lead or silver 
win be formed ; this accounts for the blackening of white-lead paint 
when exposed to coal-gas, which is almost always found to' contain 
aulphnretted hydrogen ; silver goods are tarnished and blackened from a 
similar cause. The discoloring of a silver spoon when used In eating 
4U1 egg, arises from the action of the stilphur which' the egg contains. 

JEx. p,-^Tretit a solution of tartar emetic (tartrate of antimony and 
potass) in the same way^ orange>colored siilphuret o£ antimony will be 
precipitated. 

Bjt, f. — perform tbe like experiment ^Ith sulphate of zinc, white 
aulphuret of zinc will fall. Hence, white paint made from oxide of zinc^ 
keeps its color much better than that fnnn oxide of lead. 

These experiments may be tried with different metallic solutions, 
And the color of the sulphurets observed. 

33. Selenium, Se. — This is an exceedingly rare sub- 
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Stance, sometimeB found associated with snlpbur, whick 
element it greatly resembles in its chemical properties. It 
is a reddish brown solid body» semitransparent, and having 
an imperfect metallic Instre. 

When heated in the air it exhales an odor like decaying 
horse-radish. 

34. Selenium combines with oxygen and hydrogen, 
forming — 

Salenious acid, H2SeOs, corresponding to Sulphuroae 

add, HsSOs. 
Selenic add, HsSeO^* corresponding to Sulphuric acid, 

H2SO4. 

Seleniuretted hydrogen, HsSe, corresponding to Sulphu- 
retted hydrogen, HjS. 

** Selenie acid has one property possessed by no other 
simple acid — namely, that of dissolving gold." — Wilson, 

Seleniuretted hydrogen is a colorless gas, excessively 
irritating, to the nostrils, air passages, and lungs, even 
when respired in very minute quantity, and producing all 
the symptoms of a violent cold. 

EXERCISES ON CHAPTER XIV. 

1. Give the symbol, combining equivalent, and physical cbaractei- 

istics of sulphur. 

2. Where does sulphiur occur pure ? 

3. Where is sulphur found in a state of combination ? 

4. State the effects of various temperatures on the appearance of 

sulphur. 
5k What is theallotropic form of sulphur ? 

6. Distinguish between ntbUmation and distillation. 

7. How may the purity of sulphur be ascertained ? 

8. What are the chief compounds of sulphur and oxygen ? 

9. What is the product of the combustion of sulphur in the air ? 

10. State the properties of sulphurous acid. 

11. How may sulphurous acid be liquefied ? 

12. Explain the process for obtaining sulphurous acid gas. 
13* Give the formula for the above process. 
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14. How may aqueous sulphurous add be obtained ? 

15. What are the different forms of sulphuric acid ? 

16. How may the name oil of vitrioi be accounted for ? 

17. Whence does Nordhausen acid derive its name, and for what is 

it lued ? \ 

18. Explain the process for obtaining Nordhausen acid« 

19. How is anhydrous sulphuric add obtained, and what are its 

properties 

20. What is hydrated sulphuric acid, and how may it be obtained 

firom sulphurous acid gas ? 

21. Describe the process for manufacturing the sulphuric add of 

commerce. What is the best test for sulphuric acid ? 

22. Describe the chemical changes that take place during the pro- 

cess, noting each step symbolically. 

23. What are the leading properties of sulphuric add ? 

24. What effect is produced by mixing sulphuric acid and water ? 

25. What are the chief uses of sulphuric acid P 

26. Give the names, symbols, and equivalents for the compounds of 

sulphur and hydrogen. 

27. What are the properties of sulphuretted hydrogen ? 

28. Name some natural sources of sulphuretted hydrogen 

29. How may sulphuretted hydrogen be artificially prepared ? Give 

formulae for each method. 

30. In what way is a solution of sulphuretted hydrogen a test for 

different metals ? 

31. How may an aqueous solution of sulphuretted hydrogen be made? 

32. How can sulphuretted hydrogen be most readily applied as a 

test ? 

33. State the nature and properties of selenium. 

34. What compounds does selenium form with oxygen and hydro- 

gen ? State some of their properties. 



CHAPTER XV. 

FHOSFHOBrS AND ITS COMPOTTimS. 

Symbol, P. Combining weighty 31. 

^- Phosplioms 18 A solid body, of a waxy appearance, 
easily cut, transparent and colorless when fresh made, but 
turning yellow by exposure to light. It melts at 1 08°, and 
at' 550° is converted into Yapor. It is insoluble in water. 
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but may be dinolyed by ether, aleobol, lMsii]phiarei of ear- 
bon, and oils. 

2. When exposed to the air it und^oes a alow com- 
fouBtioii, combining with oxygen and emitting a whitish 
smoke, (phosphorous anhydride PO3) which is lamtnom in 
the dark. Hence its name phosphorous or light-hea rer^ from 
fbiif lighif find. (psf$iv, to bear. 

3. Phosphorus is highly inflammable, being easily 
set on fire by friction, hence its nse in making lucifer* 
matches. 

It sometimes takes fire spontaneously in warm weather, 
and should therefore be kept under water, and be at all 
times handled with great caution, since the heat of the hand 
is sufOident to infliune it when dry, and a bum from it is 
generally very severe. 

4. Phosphorus never occurs -in nature in a firee orun- 
combined state, but is very widely diffused in union with 
oxygen, under the form of phosphoric acid, H;)P04,and thus 
forms an ingredient both of vegetable and animal • bodies. 
The phosphoric acid in these cases is generaUy in combina- 
'tion with lime or magnesia. ' 

5. The bones f and shells of animals contain phos- 
phorus; in fact, their strength and stifikeas is owing to 
the phosphates of lime and magnesia;- ^osphorus is 
found also in the blood, the animfd excretions, the brain, 
liver, nerves, &c. ; also in eggs, oysters, onions, wheat, milk, 
flour, &c. 

6. Phosphorus is chiefly obtiuned from bones. Bones 
<;onsist of gelatine, lifne, and phosphoric acid. The phos- 
phorus is procured from the decomposition of the phos- 
<phoric acid, as follows — 

The bones are lint calcined or burned to whiteness, to remove the 



* Luciftr^ from Au?, Aiew, light, and/wtv, io bring* is the 
^uivaleoi for the <Greek:^ photphorm^ 

t The skeletpn^of a man weighs from 10 to 12 pounds, and contains 
from 1} to 2 pounds of phosi^homs. 
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geUtine. The uht» consiating chiefly of phosphate of lime, 30a, 2PO4, 
are then ground and mixed with about two-thirds their weight of 
dilate sulphuric acid. The sulphuric acid combines with the lime 
forming an insoluble sulphate, which is removed by filtering; The 
jUtraie, that is, the liquid which passes through the filter, is an impuro 
solation of phosphoric acidyH,P04: this is evaporated to the consistence 
of treacle, then mixed with charcoal powder, and strongly heated in an 
iron Tesael to remoye all moisture. 

The dried mass is then placed in a retort made of stoneware or 
fire-clayt A, and exposed 
to a white heat* The 
carbon takes the oxygen 
of the phosphoric acid, 
passing off at D, as car- 
honic oxide. The phos- 
phorus distils over in va- 
por, and passes through 
the tube B, and may be 
condensed below the sur- 
face of water, in the vessel 
C. The tube B should 
be kept warm lest the 
phosphorus should con- 
dense in it, and block up 
the passage. Fig. 88. 

The decomposition of the phosphoric add may be thus shewn^ia' 
symbols: 

2(H,POJ + 6C «3H,0 + SCO+2P. 

The phosphorus is melted a second time under hot water in cylin- 
drical moulds, so that it is generally seen in the form of long pencil- 
like aticks. 

7* A nngulavi mopdifieation of this element has been • 
diseoyered by Profesior Schrotter, called allotropie ^ ot - 
amorphous phosphoroff. It is a reddish brown substanoey 
which is luminous and iniljgimmable only at high tempera<* - 
tures. It shines in the dark when heated to 393% and at 
500^ returns into, the condition, of ordinary phosphorus. 
From the fact of the amorphous variety being less com? 
bustible than common phosphorus, and not giving rise (at 
low temperatores) to the same poisonous vaporsi it has 
been proposed to use it in the manufacture of ludfer 
matches. 
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8. Phosphoras combines readily with oxygen, forming 
the following compoands, the last of which is, perhaps, the 
most important : — 

Anhydrids, Add. 

Hypophosphorons . P,0 ; HsPO,. 
Phosphoroiu* . PA ; H»PO,. 
Phosphorio . PsO^ ; H,P04. 

9. PhosphoTOiu Anhydride, PA*— This is formed by 
alow combastion of phosphoras in a dry atmosphere ; or 
by barning that elemenjt in a limited supply of air. The 
substance so formed is anhydrous, and appears as a white 
powder, which, when exposed to air or moisture, changes 
first, into phosphorous, and then, into phosphoric acid. 

10. Phosphorous acid, 3HAI^Af or H^POs, may be 
readily prepared by adding water to the teriodide or ter- 
chloride of phosphorus, PI, orPCl,. Mutual decomposi- 
tion takes place, the hydrogen of the water unites with the 
iodine or chlorine to form hydriodic or hydrochloric acids, 
while the oxygen combines with the phosphorus ; by heat- 
ing the liquid the hydrogen acid, HI or HCl, together with 
most of the water, is driyen off, while the phosphorous 
acid combined with another portion of water, remains, 

2PI, + 6H,0 = 6HI + 3H,0,P,0, « 6Hi + 2(H,PO,). 
2PC1, + 6H0 = 6HC1 + 3 H, 0,1^,0, «6HC1+2(H,P0,). 

Em, a. — ^Place a small piece of phosphoras (dried between some 
blotting paper) into a test tube, and cover it with some iodine, the 
two bodies will combine, forming the teriodide of phosphorus, PIi, as in 
Em. d, page 16. When the action is oyer, add some water to dissohe 
the mass, and then heat it to evaporate the hydriodic add ; the hy- 
drated phosphorous acid which remains will, on cooling, become a 
solid crystalline mass. 

11. Phosphoric Acid, H3PO4. This substance has been 
already noticed, § 6, as being produced by the action of 

• The existence of this oxide has been denied by some chemists; 
the red substance that is so termed being considered by them to be 
the amorphous phosphorus previously described. 
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sulphuric acid on the phosphate of lime contained in bone 
ashes. It is the constant product of the combustion of 
phosphorus in oxygen, or in a plentiful supply of common 
air, appearing as a white smoke, which condenses into 
enow-like flakes of anhydrous phosphoric acid, P3O5, 

Em. h. — ^For the combustion of phosphorus in air and in oxygen, see 
Ex. a. Chap. VJIL, and £r. e. Chap. IV, 

Ex. c. — Perforin similar experiments in dry jars or bottles, the 
anhydrous phosphoric acid will condense on the sides. 

Ex. d. — Collect some of the dry powder of the. last experiment, 
pat it quickly into a dry watch-glass, and add a few drops of water, or 
drop some of it at once into water ; the acid and water will rapidly 
combine, with a hissing noise, great heat, and sometimes even a 
violent explosion. 

12. Phosphoric acid has an intensely sour taste, and 
reddens yegetable blues ; it is not poisonous, at least, in 
small quantities. Although not generally corrosive, it must, 
when taken medicinally, be sucked through a quill or glass 
tube to keep it from corroding the teeth, which it would do 
Tery rapidly, from its power of dissolving the phosphate of 
lime which they contain. 

E. e. — Place a thin slice of phosphorus on a piece of blotting- 
paper, and sprinkle over it some flowers of sulphur or some powdered 
charcoal, after a while the phosphorus will spontaneously inflame. 
This is owing to the rapid absorption of oxygen by the porous powder, 
and its imparting it again to the phosphorus, while from its being a 
bad conductor of heat, the cooling of the latter is prevented. 

Ex./. — ^P«t a fragment or two of phosphorus into a glass, 5, nearly 
flu the glass with hot water, and then 
direct a stream of oxygen or common 
air firbm a bag or bladder on to the 
melted phosphorus, as in the diagram. 
The phosphorus burning in presence of 
the oxygen will present the appearance 
tijire tmder water^ 

Ex.g, — Put a piece of phosphorus, 
about the size of a pea, into a phial with 
a quarter of an ounce of ether ; cork the 
phial, and let it remain a few days, occa- p. g. 

tionidly shaking it. About a grain of the ^* 

phosphoms wiU be dissolved, and the solution, which is sometimei 
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€tSMpkotpkoriM€d€tigr^ will, if exposed to ihe air, be laminoiis n 
the dark. 

Eg. h, — PhogthortMed oil may be made by carefally beating a grain 
of pbospborus in a test tube witb a teaspoonful of olire oil ; tbe solu- 
tion sbonld be kept in a well«>corked pbial, and in tbe dark. A few 
drops of pbosphorized oil or ether may be rubbed on tbe hands or face 
without danger (unless there be any wounds on them) ; the parts so 
moistened w^ appear luminous in the dark. 

JBae. t. — ^Moisten some blotting-paper with a few drops of pbos- 
phorized ether, or solution of phosphorus in bisulphuret of carbon, 
and hang it up to dry. The moisture will speedily evaporate and leave 
the phospborui on the paper in a state of very minute dlyision, in 
whieb state it attracts oxygen so- energetically, that it ignites sponta- 
neously. 

Ex. k. — ^Pour a few drops of pbosphorized ether on a lump of loaf 
sugar, and place the sugar in hot water ; the ether and phosphorus 
wiU rise in Taper and take fire on the surface as they come into con- 
tact with the oxygen of the air. The effect is increased if the surface 
of the water is made to undulate by blowing on it. 

13. Fhoffphnretted Hydrogen, H,P = 34. This is a color- 
less, transparent gas, of a yery disagreeable odor, and highly 
poisonous. The nauseous smell of decaying animal matter 
is partly owing to the presence of this gas. The singular 
phenomenon of the will-o'-the wisp, or jack-o'-lantern » 
where a flame is seen by night moving over marshy ground, 
is beUeved to be due to the presence of this gas, which is 
spontaneously inflammable. 

• 14. Phosphuretted hydrogen may be obtained by heat- 
ing some pieces of phosphorus 
with caustic potass or lime, and 
water, in a test tube as in Fig. 1, 
or in a small flask with a long tube 
as in the annexed diagram. The 
flask, &c. should be completely 
filled with water, and the delivery 
end of the tube be also under 
water. On the application of heat 
the following reaction takes place : 
ng.65. £Q^J, atoms of phosphorus de- 

compose six atoms of water, producing three atoms 
4>i hypophosphorotts acid, H,PO,, and one of phosphu- 
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retted hydrogen, PH,, which, when thus prepared, is spon- 
taneously inflammable, each bubble as it escapes into the 
air taking fire, and changing into a ring of smoke, which 
widens as it rises, and ccmsists of phosphoric acid and 
watery vapour. 

The hypophosphorous acid unites with the potass or lime^ 
to form an hypophosphite of those substances. Neither 
the lime nor the potass is decomposed, but seems merely by 
its presence to bring about the decomposition^ which 
may be thus expressed symbolically : 

4P+6H,0+3KH0 = 3KPH,03+3H,0-hH3P. 

£x, /.-^Put some pieces of zinc and phosphorus in a flask or test 
glass, and pour over them some dilute sulphudc acid. The water will 
be decomposed as in Chap. V. § 14, but the hydrogen, as. it is set 
free, will combine with the phosphorus and form inflammable phos- 
pbnretted hydrogen ; it will not, however, be so pore as by the former 
method. 

Ex. m. — ^Throw some pieces of phosphuret of cjilcium into a glass 
of water, phosphuretted hydrogen will be given off and inflame as 
before. 

Em. n. — If the hydrated phosphorous acid obtained in § 10 be 
heated in a small retort it will be decomposed, yielding hydrated phos- 
phoiic add and phosphuretted hydrogen, which, however, when thus 
procured, ceases to be spontaneously inflammable. . 

4 (H3P0,) = 3(H,P0J + H,P. 

EXERCISES ON CHAPTER XV. 

1. State the properties of phosphorus. 

2. Whence does phosphorus derive its name ? 

3. Why is it used for lucifer matches ? 

4. Where is phosphorus found in nature ? 

5. Name some substances which contain phosphorus. 

6. How is phosphorus obtained ? 

7. What is amorphous phosphorus ? 

8. What are the compounds of phosphorus with oxygen ? 

9. What is phosphorous acid ? 

10. How may pliospliorons add be prepared ? 

11. How is phosphoric acid obtained ? 

12. What are the properties of phosphoric add ? 

13. What is phosphuretted hydrogen ? 

14. How may phosphuretted hydrogen be obtained ? 
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CHAPTER XVI. 

CHLOBDTE, BBOMIKEy lODUTE, AITD FLUOBOTE. 

1. These four bodies. Chlorine, Bromine, Iodine, and 
Fluorine, form a small natural group of elementary bodies, 
closely resembling each other in their properties, and widely 
differing from the elements already noticed, inasmuch as 
they have a much greater affinity for hydrogen than for 
oxygen, and form with it the hydrogen-acids already named. 

Chap. riL, § 8. 

2. The symbols .and combining proportions of these 
bodies are as follow : — 

Chlorine CI = 85.5. 

Bromine Br = 80. 

Iodine I = 127. 

Fluorine F = 19. 

3. Chlorine (CI) is a gaseous body, discovered by a 
German chemist named Scheele in 1774, but first shown to 
oe a distinct element by Sir Humphrey Davy, who gave it 
its present name chlorine* on account of its yeUowish 
green color. 

4. Chlorine exists abundantly in nature, both in plants 
and animals, but especially in the mineral kingdom ; it is 
generally found in combination with the metal sodium, 
forming chloride of sodium or common salt, NaCl. 

5. Chlorine possesses a powerful and disagreeable odor, 
and is excceedingly suffocating, even when largely dilated 
with air. It is readily absorbed by water, and this liquid, 
especially if recently boiled, will take up about twice its 
bulk of gas, and acquire the same color, taste and smell. 

- Chlorine, from xKiapoQ, chlorost yellowisli green. 
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6. CUorine ib only goaeons at coDimon temperatarei 
and prewurea, for if exposed to great cold or to a presanre 
of four atmosplieres ((iOlbs. to the square inch), it con- 
denuB into a limpid, yeUov liquid, about one-third heavier 
than water. In its gaaeona Btate it ia about 2| times aa 
heary as air. 

7. Chlorine is most readily prepared by heating together 
in a flask or retort 

equal veighta of hy< 
diochloric acid and 
black oxide of manga- 
neae. 

The gu u giTCD off 
mtf be collected at the 
pnenmatic troagh, eilber 
oier hal vater, or onr s 
itiong lolulian of lalt and 
waler. Being heavier 

than common air, it mtj Pll, g|, 

be collecled by ditplaet' 

mmt, by cair; ing the delivery tube to the bottom of the bottle is 
which the gaa ii to he received, u in fig. 48, omitting the water from 
the bottle there drawn. The chlorine gradually riiea and eipeli or dii- 
place* the air. The bottles ihould in either case be removed u lOon 
ai filled, and the atoppcn well greaied a liltle before Uiej are inierted. 

8. In this decompoBition four atoms of hydrochlorio 
acid, HCl, are required for one of biuozide of mangnneBe, 
MnOi ; two atoms of water and one of protochloride of 
mangaDeae are formed, vhile one molecule of chlorine is 
set &ee ; thtu— 

4HC1 + MnO, = 2HjO + MnCI, + CI, 
U6 + 87 = 86 + 126 + 71. 

9. Another mode of obtaining chlorine, especially when 
required in large quantities, is by the action of aulphurie 
actd on a mixture of black oxide of manganese and com- 
mon salt. When Bulphuric acid ia added to a mixture of 
blnozide of manganese and chloride of sodium, NaCl, or 
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eommon'taky nilphate of sodium and sulpliate of -mangt- 
uese are formed and chlorine gaa giren off.' 

Two atoms oftiilphuric acid 2(HsS04) are decomposad*- • 

(i.) The twor atooM of hydrogea in oae atom of aoid are replaced'bjp 
two atoms of sodlam, forming sulphate of sodium (Na^SO^). 

(ii.) The two atoms of hydrogen in the other atom of acid are. re- 
placed by one atom of 'manganese (a di-atomic element) forming' sul- 
phate of manganese (MnSOJ. 

(iii.) The four atoms of hydrogen displaced unite with- the two 
atoms of oxygen, to form two atoms of water; while 

(iv.) The two atoms of chlorine originally oombtned with the so- 
dium are disengaged imthe form of gas ; thus :— 

2NaCl+MnO, + 2(H,SOJ =■ Na,S04+MnSO^ + 2H,O + 20L 

10. Chloiine.bas a great affinity for hydrogen and the 
metala; "with the- former it produces hydrochloric acid; 
with the latter, compounds termed chlorides. Its combi- 
iMitious with oxygen are exceedingly unstable, that is, they 
are easily decomposed, while with nitrogen it forms one of 
the most explosive bodies known. 

Hydrochloric acid HCl ^ 36.5 

HypochlosiHiSiaoidi^ HCIO = 52.5 

Chlocoua^aoid . HGIO^ «=: 68.5 

Chloric acid . HCIOj^ ^ 84.5 

Perchloric acid . HCIO^ ^ ioa.5 

Terchloride of azote NCI, = 120.5 

11. Chlorine.is a»powerful antiseptic and disinfectant, 
it is also largely employed as a bleaching agent, either iu 
the gaseous state, or in solution in water, or in combination 
with lime (bleaching powder, commonly called chloride of 
lime.)* It entirely destroys animal and vegetable, coloring 

* CA2or«feof limels^a iQisn«ner,:>lbr -the (e?<M«ii|p.cUo«ine>€annoit 
unite with the c«wfpo«mi.Junaw r^Ths^aubstairiMMAiwMriy hypctsUorilat 
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matter, Lnt only when moisture is present/ for dry chlorine 
gas has no bleaching power. 

12. The disinfecting and bleaching propertied of chlorine 
are owing to its strong affinity for hydrogen. As a 
destroyer of contagion it acts by decomposing sulphuretted 
hydrogen and other noxious vapors in the atmosphere. 
As a bleaching instrument it acts indirectly by decomposing 
water, and combining with the hydrogen to form fkyd^ 
chloric acid, while the nascent* oxygen unites with, and 
removes the coloring matter, and is the real bleaching 
agent. 

Ex, a. — ^Pour a solation either of litmus; incKgO, ctHttine, turmetie, 
or ink, into a small bottle of chlorine ; do not put in the stopper, hut 
coyer the month with a piece of flat ghus, and then shake it well, the 
coloring matter will speedily disappear. 

Ex, i, — Suspend a nosegay of various-colored flowers in a jar as 
in Fig. 47 ; put into the saucer or plate a little bleaching powder, and 
add some hydrochloric acid diluted with warm water ; chlorine will 
be evolved, and the flowers will soon lose their color and become per- 
fectly white* 

Ex. c. — The great affinity of chlorine for hydrogen, and its corre- 
sponding indifference to carbon may be 

«ecn, by immersing a well-lighted- .r3|y'^'''S\ 

candle in a jar of the gas, when it will J^pSliyr^'**'^ 

bum with a red smoky flame, the ' ' A 

chlorine combining with the hydro- i 

gen of the combustible, while the g--^ 

carbon appears as smoke. s 

Ex, d, — ^This may be still more 
strikingly shewn by dipping a rag 
or a piece of folded paper iuto 
turpentine and immersing it, while 
tomst, into a jar of the gas. . The 
turpentine, CgH^, will ignite spon* 
taneously, and the jar will be filled 
vith black sntke aa* Boot« Heia^*' llfti^^ 




* Nascent, see chap, iiL { 25. 
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tgttii, the cUorine anites with the hydrogen, and rejecti 
the carbon.* 

Em, e, — Repeat £r. A. chap. xiL, the result will he the 
lame as in the last two eiperiments. 

JEx. /.^'Place a piece of phosphorus in a defll^^rating 
spoon, fig. 7, and immerse it in a jar of chlorine, it will 
take fire and bum with a feeble light, forming a 
great contrast to that produced by its combustion 
in oxygen. This feebleness of light is owing to the 
product of combustion (chloride of phosphorus) being 
a liquid, and not a solid as in the case of phosphoric 
acid. See chap. t. } 16.. 

Eat. g, — ^Drop into a jar of chlorine some filings of antimony, heated 
to about SO**, rapid scintillating combustion will take place, attended 
by a v>hitt flame ; the product of combustion will be chloride of anti- 
mony, SbCls. " Similar experiments may be performed with most of 

the other metals, giving ysrious colored 

^^v flames. Silver and lead give a white color; 

™ , n zinc and tin, a bluish white; iron, a vivid 

red ; copper, a dull red ; arsenic, gold, and 

tellurium, a green. These metals must be 

heated previously to immersion in chlorine, 

and although a very low degree of heat is 

sufilcient for some, as lead and zinc, yet the 

combustion is much more vivid if they be 

made still hotter; for instance, the more 

fusible metals so hot that they can be just 

Flff. 68. ^^^^ ^ ^^® fingers without burning them, 

and the more refractory metals tUl they 
change color by heat. The jars used should be rather tall and narrow, 
for those experiments where the powdered metal is sprinkled in." — 
Frandi* 

14. Hydrochloric acid, HCl, is a colorleBs, transparent 
gas, having intenBcly acid properties ; it is exceedingly 
soluble in water, which at ordinary temperatures absorbs 
more than four hundred times its bulk of the gas. It is 
this aqueous solution which is sold in the shopsy and is 
sometimes called muriatic acid* 

* The chlorine may be obtuned for this and similar experiments by 
putting a little *' chloride of lime" into a wide-mouthed bottle or jar, 
and adding some dilute hydrochloric acid, the gas will very soon fill the 
Jar. 
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14. Hydrochloric acid is generally obtained by decom- 
posing common or sea-salt by sulphuric acid, hence it was 
formerly named marine acid or spirit of salt, 

2NaCl+H,S0^= Na,S0^+2HCL 

Hydrochloric acid may also be formed by the direct union 
of equal measures of hydrogen and chlorine. 

Ejc. A.-^Mix together in a jar equal measures of chlorine gas and 
hydrogen ; expose the mixture to light, the gases will unite, and form 
the hydrochloric acid in a gaseous state, and without water. 

If the above be exposed to the direct rays of a hot sun, the gases 
will ordinarily combine with such rapidity as to explode with violence. 
" Procure a tube 12 inches long, of half an inch internal diameter, fill it 
with the mixed gases, and expose it to a full light, the combination of 
the gases will idmost instantly be seen to commence by the doudy 
appearance produced within the tube ; now cover over the tube, and 
the action will cease until a second time exposed, and thus by repeat- 
ing the experiment, the action of light upon the gases is beautifully 
shown, while from the small size of the tube, there is no danger in 
submitting the whole to the direct rays of the sun." — Francis, 

Ex. «. — Perform Ex, ^, chap. xii. with equal measures of chlorine 
and hydrogen, the gases will explode with a loud report. Turn the 
mouth of the bottle downwards into a basin of water colored blue by 
litmus. The hydrochloric acid gas will be rapidly absorbed, the water 
will rise in the bottle, and become red, proving the acid character of 
the gas. 

15. When hydrochloric acid is added to a metallic oxide, 
mutual decomposition ensues, the oxygen and chlorine 
change places, for the hydrogen of the acid combines with 
the oxygen of the oxide to form water, while the chlorine 
combines with the metal to form a metallic chloride. 

All the hydracids act on metallic oxides in a similar way, the hydro-^ 
gen being displaced by the metaL 

16. Bronune, Br. — ^This is one of the rarer elements^ 
being found only in small quantities, combined with 
sodium or magnesium, in sea-water, in marine plants and 
ammals^ and in some mineral springs, especially those of 
Kreumach in Pruaaia. It was first discovered in 1 826, by 
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M. Balardy a French chemist, who obtained it from the 
liquid remaining after the cryataliization of common salt at 
the salt-works of MontpeHer, and named it Bromine* on 
account of its very offensive and suffocating odor. 

17. Bromine is a highly poisonous and very corrosive 
liquid, of a reddish brown color, and about three times as 
heavy as water. It is very volatile, emitting even at ordi- 
nary temperatures a red vapor, resembling Uiat of nitrous 
acidy and nearly 5^ times as heavy as atmospheric air. 
When cooled a little below 0°, bromine becomes solid, crys- 
talline, and brittle. At 116° it boils. It is slightly soluble 
in water, but more so in alcohol and ether ; hke chlorine, 
it is a powerful bleaching agent. When added to a solution 
of starch, it forms a compound of a pale orange color. 

18. Bromine unites with oxygen and hydrogen to form 
bromic and hydrobromic acids, its combinations with the 
other elements are termed bromides. The bromide of 
potassium is occasionaUy used in medicine and the arts. 

Bromic acid HBrO. := 129 

Hydrobromic acid HBr s= 81 

Ex* «'. — Place a piece of phosphorus ia a deflagrating spoon and 
immerse it in a jar of the vapor of bromine ; it will immediately burst 
into flame. 

Ex, *.— Immerse a burning taper into a jar of the vapor of bro- 
mine ; the flame will assume a dull red and green tint, and be speedily 
extinguished. 

jEr. /.—Drop into a jar of the vapor of bromine a few grains of pow- 
dered tin, or some filings of antimony, the particles of metal will 
become red-hot, and resemble a shower of fire. 

**The best method of performing these experiments is to have a tall 
jar. Let three or four drops of bromine fall to the bottom of the jar, 
and pour a spoonful of boiling water upon the bromine; or better, touch 
it with the point of a red-hot wire." — Francis. 

19. lodinCy I. — This element was discovered by M. Conr- 
tois in 1812. It is found, like bromine, though in greater 

* Bromine, from /Spw/ioc, bromos, a strong smell. 
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qaantity, in- sea-water, marioe plants and animals, and in 
some mineral springs. 

20. Iodine is generally obtained from.^<aslie8 of sea- 
weed {kelp)y by dissolving them in water, filtering and 
evaporating the solution so as to separate the salt by crys- 
tallization, then mixing the remaining liquid vrith sulphuric 
acid and binoxide of manganese, and gently heating the 
mizture in- aretort ; the iodine rises in violets-colored vapors, 
which may be condensed in a receiver in a sohd form. The 
reaction is similar to that shown in the preparation of 
chlorine from common salt ; the iodide of sodium in the 
seaweed, &c., taking the place of the chloride : thus — 

2NaI + MnOa + 2(H,S0,) = Na^SO^ + MnS04 + 2HjO +21. 

21. Iodine at ordinary temperatures, is a solid, occurring 
usually in the form of crystalline plates or scales, of a 
bluish-black color, and metallic lustre, somewhat resembling 
plnmbago, and nearly 5 times as heavy as water. It is 
slightly volatile at low temperatures, at 225° it fuses, and 
at 375° it boils, giving off its characteristic vidiet-colored 
vapor, which is the heaviest aeriform substance knovm, 
being more tlian eight times as heavy as common air. 
(sp. gr. 8.716.) 

22. Iodine has a peculiar, pungent odor, and an acrid 
taste 3 it stains the skin of a deep yellowish-brown color, 
which, however, soon disappears. It is readily dissolved by 
alcohol, but so slightly by pure water, that a pound of 
water will not dissolve more than a grain of it. One of its 
most characteristic properties is the production of a fine 
blue compound with starch (iodide of starch). 

Ijr. m. — Place a little iodine at the bottom of a flask or long test 
tube, and carefully heat it over a lamp, it will be converted into a 
-violet-colored vapor, \rhile the upper part of the tube will be covered 
with black, lustrous crystals of the condensed or sublimed iodine. 

Note the density of the vapor by the sluggishness with which it 
moves as the tube is inclined to one side or the other. 

Ex. n. — Place a few small pieces of phosphorus, on a tile or plate 
of metal, and when dry, sprinkle a little iodine over them. The two 
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dements will combine tnd give out sufficient heat to ignite tbe 
phosphoras. 

S», p. — ^Pat 20 grtins of iodine into an ounce of water, acaroely 
any wUl be dissolved. Add 30 grains of iodide of potassium, and tiie 
Vhole will be dissolved immediately. 

This aqueous solution, as well as the solution in alcohol, is used in 
medicine, being found useful in cases of glandular swellingB, especially 
Mcrttfula and goitre. 

The following notice of the discovery and application of iodine is 
from Hoblyn's " Manual of Chemistry/' ''The practical application 
of chemical knowledge in the discovery of new substances is fiiU of in- 
terest. One instance may here suffice. In the manufacture of soap, 
the vessel employed is found to be corroded ; a scientific chemist ana- 
lyses the corroding matter, and the result is the discovery of 
one of the most singular and important chemical elements, iodine. 
Curiosity is excited ; the origin of the new substance is traced to the 
sea plants, from whose ashes soda, the principal ingredient of soap, is 
obtained, and ultimately to the sea-water itself. It is thence hunted 
through nature, discovered in salt-mines and springs, and pursued into 
all bodies which have a marine origin ; among the rest, into sponge. 
A medical practitioner then calls to mind a reputed remedy for the 
cure of one of the most grievous and unsightly disorders to which the 
human spedes is subject — the goitre^ which infests the inhabitants of 
mountainous districts to an extent that, in this favored land we have 
happily no experience of, and which was siud to have been originally 
cured by the ashes of burnt sponge. Led by this indication, he tries the 
effect of iodine on that complaint, and the result estabhshes the extraordi- 
nary fact, that this singular substance, taken as a medicine, acta with the 
utmost promptitude and energy on goitre, dissipating the largest and 
most inveterate in a short time, and acting as a specific, or natural an- 
tagonist, against that odious deformity. The history of chemistry is 
full of facts of equal, or greater interest and importance." 

Bx, 0. — Mske a little starch paste, such as laundresses use, by boil- 
ing some starch with water, in a test tube. Put a small quantity of 
this paste into a glass of water, and add a few drops of a solution of 
iodine, a deep blue iodide of starch vrill be immediately produced. 
The blue color disappears when- the liquid is heated. 

23. The chief compoundB of iodine with oxygen, hydro- 
gen, and nitrogen are — 

Iodic acid HIO. =• 176 

Hydriodic acid HI = 128 

Teriodide of Nitrogen NI, » 895 
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24. Teriodide of Nitrogen, NIj, is an explosive sub- 
stance like the terchloride, NClg, but more easily prepared, 
and by no means so dangerous. 

Ex, p. — It is obtuned by putting iodine into a solution of ammomat 
KH'. The ammonia is decomposed, hydriodic acid is formed by the 
union of its hydrogen ^th one portion of the iodine, while its nitrogen 
unites with another portion ; the result is an insoluble dark brown pow- 
der, which may be collected and allowed to dry of itself in small por- 
tions, on separate pieces of blotting paper. ^Then dry, this powder 
explodes at the slightest touch, so that it cannot be moved. If only 
tmaU quantities are operated with, and ordinary care be used, there is 
no danger attending its explosion. 

25. Fluorine, F. — ^This is an elementary substance 
contained in a few minerals, and especially in Derbyshire 
spar or fluor-spar, which is a fluoride of calcium, CaF. It 
is also found in small quantities in sea water, and in various 
plants ; also in shells, coral, and bones, and especially in 
the enamel of the teeth. 

26. Fluorine has never yet been obtained perfectly pure, 
owing to its great affinity for most of the metals and for 
silicon, (the basis of flint, and one of the ingredients of 
glass). It is believed to be a yellowish-brown gas, similar 
in its general properties to chlorine. 

27. Hydrofluoric acid, symbol HF; comb, tut.' 19. 
This is the most important of the compounds of fluorine. 
It is obtained from fluor-spar by the action of sulphuric 
acid, just as hydrochloric acid is obtained from salt. 

CaF, + H,SO^ = CaS0^+2HF. 

It is a colorless, corrosive gas, distinguished for its power 
of dissolving glass, hence it must be prepared in platinum 
or leaden vessels. Advantage is sometimes taken of this 
corrosive property, for the purpose of engraving or etching 
on glass. 

E9 q. — ''A plate of glass is covered with a thin coating of wax, 
and blackened by holding it over the flame of a candle, the design 
bdng then traced upon the surface with a needle. The plate thus 
prepared, is placed over a leaden vessel of sufficient size, contain- 
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lag. a natore of pulverized fluor-spar and sulphuric acid, which is 

gently wanned. The pungent, acid-smelling 
Tapor of hydrofluoric acid (HF ) is evolved, and 
attacks thfr-glass wherever it is hare. After 10 
or 20 minutes, the plate is removed, and gently 
warmed, in ocder to free it from wax, when the 
^ „ etching becomes distinctly visible. The vapors 

^' ' of hy£ofluoric acid are, it must be remembered, 

very pernicious, and attack even, the skin; the greatest care is there- 
lore required."-— i^cAoeiilfr. 

' EXERCISES QN CHAPTER XVI. 

1. Why may Chlorine, Bromine, Iodine and Fluorine be classed 

together ? 

2. Give their symbols and combining numbers. 

3. By whom was chlorine, discovered ? Whence does it derive its 
name? 

4. Where is chlorine found in nature ? 

5. State some of the leading properties of chlorine. 

6. How may chlorine be liquefied ? 

7. How may chlorine be prepared from hydrochloric acid ? 

8. Explain fully the reaction that takes place between hydrochloric 

acid and binoxide of manganese. 

9. How may chlorine be obtained from salt ? Describe the re- 

actions that take place. 

10. What are the principal compounds of chlorine ? Give their 

syml^ols and combining numbers. 

11. For what is chlorine chiefly used ? 

12. How may the disinfecting and bleaching properties of chlorine 

be accounted for ? 

13. State the properties of hydrochloric acid. 

14. Describe the methods of obtaining hydrochloric add. 

16. What change takes place when hydrochloric acid is added to i 
metallic oxide ? 

16. Where is bromine found ? by whom was it discovered ? whence 

does it derive its name ? 

17. State the leading properties of bromine. 

18. What are the chief compounds of bromine ? 

19. When and by whom was iodine discovered ? 

20. Describe the mode of preparing iodine. 

21. State the leading properties of iodine. 

22. What is the most characteristic test of iodine ? 

■ 23. Name some of the chief compounds of iodine, with their symlx^ 
and combining proportions. 
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. . 24^ Des«n|>e |t^«. prpp^rtkA and inode ei prepantion ^ teriodide of 
aaote. 

25. Where Is fluodpe met vith in nature ? 

26. What is known about flaorine ? 

27. State the . properties and mode of preparation of hydrofluoric 

acid. 



CHAPTER XVII. 

BOBOKAin) SILIOOB'. 

Boron B = ll 
fiilioon Si = 23 

1. BoroE is one of the rarer elements, being but sparingly 
diffased through nature, and then only in combination with 
oxygen, forming boracic anhydride, B^Os, from which sub- 
stance it may be obtained, by fusion with potassium, thus — 

BA+6K = SKaO-f 2B. 

2. Boron is a brownish-green, infusible, and insoluble 
powder, unalterable by exposure to the air, at common 
temperatures ; when heated to about 600^, it combines 
with oxygen and burns with considerable brilliancy, form- 
ing boracic anhydride, B3O3 

3. Boraeio acid, HBO2. This substance is found in a 
free state in the hot springs of Tuscany, and in combina- 
tion with soda, forming borax or biborate of sodium 
Qfs^Bfif+lOHfi), which is brought to England from 
Eastern Asia under the name of tincah 

4. Boracic acid is generally seen in the form of white 
pearly crystals, soluble in water and alcohol. The latter 
solution burns with a beautiful green flame. 

When heated, boracic acid first parts with its water of 
erystallization, and then fuses, forming when cold, a trans- 
parent, colourless glass-like substance, B^O,. 
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JS». c— Break t crystal or two of borax to powder, and add a few 
dropa of aulphnric add, to set free the borade acid ; next pour on the 
mau a UtUe alcohol, and set light to it, the green color already referred 
to will be readUy obserred. 

(S^Bfij+ lOHjO) + Hj804 = NajS04+ 4(H,B0,) + 5H,0. 

5. Silicon, Si, never occurs in nature in a free or nn- 
combined state, but is always found in union with oxygeo, 
forming silicic acid or silica, SiO, ; it may be obtained 
from the silico-fluoride of potassium by fusion with excess 
of potassium; thus — 

K,SiF.+4K = 6KF+Si. 

6. Silicon * seems to occupy among mineral substances 
a similar place to that held by carbon among vegetable and 
animal bodies, being a chief constituent of the crust of the 
globe, and, perhaps, next to oxygen, the most abundant 
element in nature. It is a dark brown powder, insoluble 
in water, and not easily oxidized ; when strongly heated, it 
combines with oxygen, forming silicic acid. 

7. SOicic anhydride, or silica, SiOj, may be prepared by 
heating flint or rock crystal to redness, and quenckmg it in 
water, when it may be easily reduced to a fine, white, taste- 
less, gritty powder which is nearly pure silica, and which 
after being strongly heated is quite insoluble in water, or 
acids, except the hydrofluoric. 

8. Quartz and rock-crystal are nearly pure silica, whilst 
flint, agate, cornelian, chalcedony, onyx, jasper, opal, ame- 
thyst, and many other minerals consist of silicic acid, more 
or less combined with metallic oxides. These minerals are 
distinguished by a peculiar hardness, which enables them 
to give sparks with steeL and to scratch glass. 

9. Silica neither tastes sour, nor reddens vegetable blues, 
yet when raised to a high temperature it exhibits powerful 
acid properties, and combines with many metallic oxides, 
forming the class of compounds termed silicates. The 

* Silicon or silidum, from the Latin, wZmt, •i7fct«, ilint or sand, of 
which it is the basis. 
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nuneralB just named are silicates ; glass, porcelain, and 
earthenware are silicates of potass, soda, lime, or alumina 
formed at a high heat. 

10. If silica (SiO,) he heated to redness with an excess 
of potass, soda, or lime, it forms a soluble silicate, which 
may be decomposed hy adding a stronger acid, such as the 
hydrochloric, the Silicic acid is separated in an amorphous 
state under the form of a gelatinous or jelly-like mass, 
soluble in pure water. It loses its solubility, however, when 
heated. Its formula is H4Si04. 

11. Silica in its soluble state is nearly always present in 
springs and mineral waters : in this state, too, it enters into 
plants, in many of which it exists abundantly, particularly 
in the stalks of the yarious grasses, to which it communi- 
cates stifiness and strength ; it may be readily detected in 
their ashes after they are burned. 

12. The soluble glass formed in$ 10 has been used to 
wash oyer timber, and other combustible materials to 
render them fire-proof; the effect is to fix a coating of 
silica on the timber, &c., which in some degree preserves 
it, yet too slightly to be of much service. 

EXERCISES ON CHAPTER XVII. 

1. Where is boron found, and how may it be obtained ? 

2. Give the symbol, combining eqalviUent and leading propertie» 

of boron. 

3. What is boracic acid, and where is it found ? 

4. Describe the properties of boracic acid. 

5. How may silicon be obtained ? 

6. Whence does silicon derive its name? What are its chief 

properties? 

7. What is silica, and how may it be obtained } 

8. Name some natural and artificial compounds of silica. 

9. Why is silica considered an acid ? 

10. What is the aUotropic form of silica, and how may it be 

prepared ? 

11. Of what use is silica in nature ? 

12. For what purpose has *' soluble glass^' been employed f 
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CHAPTER XVIIL 

THB BQUITAXAmrPOWSB OB ATOHICnnr OV THB 

1. By the tenn atomicity or equivalent power of the 
elements is meant their power of combining with, or re- 
placing different proportions of hydrogen. 

2. The atomicity of elements whfch do net combine 
with hydrogen is aseertaitiied by their power of combintng 
with, or replacing, chlorine.- 

3. The term equivalent was formerly used as aynony- 
mous with atomic or combining weight, but it is now em- 
ployed to denote thht proportion of asubstancewkich wiU 
replace in a compound body a ffiven proportion of another 
substance* 

4. The equivalent number may or may* not bC'the same 
as the combining proportion, or atomic weight ; for one, 
two, three, or even four atoms of one element may be re- 
placed by a single atom of another/ 

5. The first column of the table on- page 9 gived the 
equivalent power of the elements, that is, their power of 
combining with or replacing ontf^ two^tkteeioif fiMt atoms 
of hydrogen. 

6. Elements which can only replace tone «t6ni:'\yf hydro- 
gen, are termed Mono-atomic; those which can replace 
two atoms are called Di-atomio; three atoms, Tri^atolHic; 
and four atoms, Tetr-atomic^ 

7. Thus, an atom of hydrochloric acid (HCl) cbnsusts of 'one 
atom of hydrogen (H) combined with one atom of «hIoMiie<(Cl}, 
and ia, in feot>anr^toBi.af chlorido-of ^bydrog^m- ., •. 
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Now the atom of H in the atom of HOI may be replaced by an! 
atom, of either Bodinza (Na), potaaeium'(E!), silver (Ag), iodine (I), 
&c., giving rise to chlorides of those several elements, ISaCl, KCl, 
AgCl, ICl, &c. 

Or the atom of CI in the atom of HOI, may be replaced by aa 
atom of either iodin e, b romine, fluorine, &c., giving rise to the 
hydracids, HI, HBr, HF, &o. 

Similarly the atom of 01 in the atom of NaOl^ SIOl, AgCl, above 
named, can be replaced by an atom of either I, Br, F, &o>, forming 
Ifal, NaBr, IfaF, &c., as the case may be. 

These several elements, which by single atoms are equi- 
valent to each other ia their saturating poweSy are termed 
Hono-atomic. 

8. In comparing an atom of vrater (H,0) with an atom of Hy- 
drochloric acid ^HOl) we see that the atom of oxygen has the 
power of saturating twice as much hydrogen as the atom of chlorine 
does. 

So, also, we find that the hydrogen (H,) in two atoms of hydro- 
chloric acid (2H01) can be replaced by one -atom, of calcium- (Oa), 
copper (Ou), Lead (Pb), &c., forming CtkCi„ OuCla, PbOl^, ioAn 
place of H^Ol^. 

Hence these and similar elements which have double 
the equivalent power of hydrogen are called Di-atomie.' 

9. If an atom of gaseous ammonia (NH,) be compared with the 
atom of hydrochloric acid (HOI), it will be seen that the atom of 
nitrogen has the power of saturating three times as much hydrogen 
as the atom of chlorine doe^.- 

So, also the hydrogen (H,)^ -in iAnee atoms" of hydrochloric acid 
(3HC1) can be replaced by one atom of bismuth (Bi), or gold (Au), 
&Cj forming BiOl,, AuOl,, &c., in place of H^Ol,. 

The Nitrogen, Bismuth and Gold, having three times 
the equivalent power of hydrogen* , are termed Tri- 
atomic. 

10. On comparing marsh-gas (OH4) with hydrochloric acid (HOl)^ 
we find the one atom of carbon (0), saturating four times as much 
hydrogen as the atom of chlorine does. 

Or, again, the hydrogen (H*) in four atoms of hydrochloric acid 
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(4H01), can be veplaoed bj one atom of tin (Sn), or one atom 
^ platinum (Pt), Ac., forming SnCl^, PtOU, &c^ in place oi 

Hence Carbon, Tin, Platinum, having four times tbe 
saturating or equivalent power of hydrogen, are termed 
Tetr-atomio. 

11. One atom of a mono-atomic element is equivalent 
to and can replace one atom of another mono-atomic ele- 
ment. 

One atom of a di-atomic element can replace one atom 
of another diatomic element, or two atoms of a mono- 
atomic element ; and so on. 

The equivalent or replacing powers of the elements may be shewn 
thus: — 

Mono-atomie, E' = Ei. 

Di-atomic, E" =E^ or'ES -hEi. 

Tri-atomio, E"* = E"* or E" + E» or E» + E» + E». 

Tetr-atomie, E»^ = E*^ or E*" + E^ or E»* + E" or EH + E*+ E* 

or Ei + Ei+E^+E^ 

12. Not only do the elements combine with each other, 
but there are several groups of elements which act collec- 
tively as a single element ; such groups have been termed 
compound radicals. 

18. These compound radicals vary in atomicity or equi- 
valent power, being mono-atomic, di-atomic, &c., like the 
simple elements. 

14. It has been already stated (Chap. VII., § 12) that 
all the acids may be regarded as compounds of hydro- 
gen ; they may, however, be conveniently classed accord- 
ing to the typd, or models on which they seem consti- 
tuted. 

15. The simplest class of acids is formed (as in the case 
of Hydrochloric acid), on the type of a molecule of hydro- 
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gen (HH), by replaciDg one of the atoms of hydrogen by 
another mono-atomic element (CI), thus : — 



Hydrogen, 2H ; Hydrochlorio Aotd, HCL 

H 
H 






16. The second class of acids is formed, as in the case 
of Nitric acid, on the type of ^ne atom of water (H9O), 
by replacing one of the atoms ef hydrogen by a mono- 
atomic radical (NO,), thus^ — 

WaUft, H.0 ; ITitrio Acid, HNO,. 

17. A third class of acids (dibasic) is formed (as in the 
case of sulphuric acid), on the type of two atoms of 
water (2H2O), by replacing two atoms of hydrogen by one 
of A di-atomic radical (SO,), thus : — 

2 Water, 2H,0 ; Sulphuric Acid, H.SO^. 

18. A fourth class of acids (tribasie) is formed (as in 
the case of phosphoric acid) on the type of three atoms 
of water (3H.jO), by replacing three atoms of hydrogen by 
one of a tri-atomic radical (PO), thus :— * 

8 Water, 3H,0 5 Phosphoric Acid, HjPO^. 

hJ"»- ' For*' 

19. In a similar way the oxides and hyd rated oxides of 
the different metals may be regarded as formed on the 
type of one or more atoms of water, by the replacement 
of the hydrogen by one or more atoms of the metal accord- 
ing to its atomicity. Thus : — 

K 
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Ttpb, H3O, ue. H I 0. 

Pktomie Oxides, m CaO > FIK). 

H "I 
Monobasic Adds, as ^^ f ^ ^ HVOs* 

Type, (2HjO) t.e. ^^ I O2. 

Di-atomic Hydrates, at ^Xo^^UgKfi^^^lOi^B&K^. 
Tetr-atomio Oxides, at 8&0,; WO,. 

Di-basio Acids, at JJj }o. =H,SO,; J Jo, = H.CO,. 

Type, S(^0) i.e. H. > Oa or g' j Oj- 

Snl 
.Telr-atomic Hydrates, ot \0^ = SnH^O,. 

Al 1 
Tri-atomio Oxides, at > 0, == AlsO,. 

Hs 1 
Iri-basic Acids, at p^ f 0, = H^PO^. 

20. An acid may be called mono-basic when it contains 
one atom of replaceable hydrogen ; di-basic vfhen it con- 
tains two atoms of the same ; and tri-basic, when it con- 
taiDS three atoms. 
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EXERCISES ON CHAPTER XVIII. 

1. What is meant by the term atomicity or eguiveUent power of an 

element ? 

2. How may the atomicities of certain elements be ascertained ? 

3. In what sense was the term equivalent formerly used ? 

4. Why are not the combining weights and equivalents always the 
same? 

5. Oive the atomicities of the principal elements. 

6. - Explain the tentfs, monO'Utomic^ di-atemiCy tri-'atomie, and tetr* 
. atomic, 

7. Give iUttstrations of the replacing power of mono-atomic 
bodies. 

8. Give the same of di-atomic bodies. 

9. Illustrate the replacing powers of tri-atomic bodies. 

10. Do the same for tetr-atomic bodies. 

11. Show fully the replacing powers of the four groups of elements. 

12. What is meant by a compound radical ? 

13v What is the atomic power of the compound radicals ? 
14. How may the adds be classed ? 

17* 18* 1^^ ^^^^ ^^^ " ^^ ^^ ^^ ^^^ classes of acids formed ? ' 

19. On what type are the oxides and hydrated oxides formed ? 

20. Explain the terms mono^basie^ di-basic, tri'bane. 
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CHAPTER XIX. 

H£TAL8. 

1. The second and larger group of elementary bodies 
contiste of the metals. They are fifty-two in number, 
seven only of which — viz. : gold, silver, mercury, copper, 
iron, tin, and lead — were known to the ancients. AU the 
others, except three, — antimony, zinc, and bismuth* — 
have been discovered within the last 150 years. Some of 
the metals are widely diffused through nature, while many 
are of very rare occurrence. 

2. The metals are distinguished from the non-metaUic 
elements, by a peculiar brilliancy, termed the metallic 
lustre, and by their being good conductors of heat and 
electricity. They exhibit, however, great variations in 
these as well as in their other properties, and in their 
colors. When reduced to a state of minute division, as by 
filing, or any other means, the metallic lustre is lost, but 
the color remains. 

3. With the single exception of mercury, the metals are « 
solid at the usual temperature of the air ; but they eR/use 

or become hquid by heat, and if the temperature could be 
raised sufficiently high, they would probably all pass off 
into vapor, as zinc, mercury, and arsenic are known 'to do. 

4. The fusing or melting point of metals varies ex- 
tremely from — 39° F., at which temperature mercury 
appears solid, to the intense heat of the oxy-hydrogen 
blow-pipe, which is necessary to fuse platinum and some < 
other metals. .' 

• Antimony waa described by Basil Valentine in the fifteenth ccn- v < 
tury. Zinc is noticed by Agricola in 1529 a.d. Bismuth la first men* ^ 
tioned by Paracelsus in the sixteenth century. ^ 
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The following table shewing the fasibilitj of different metals is 
taken from Thenard's Chemistry, VoL 1. 



Fusible 

below a 

red-heat 

1000» 



Infusible 
bdowa 
red heat 



Mercury 

r 

Potassium 

Sodium 

Tin 

Cadmium, about 

Bismuth 

Tellnrinm 

Lead 

Zinc 

Antimony, a little below 

. red heat 

^SilYer 

Oopper 

Gold 

Cobalt 1 rather less fusi- 

Nickel J ble than iron 

Iron feast) 

Iron (wrought) 

Manganese 

Palladium 

Molybdenum 

Uranium 

Tungsten 

Chromium 

Titanium 

Cerium 

Osmium 

Iridium 

Rhodium 

Platinum 

Tantalum 



F. 
— 39o 

136 
190 
442 
442 
497 
500 
612 
773 



1873 
1996 
2016 



2786 
3300 
3300 



I almost infusible, and 
not to be procured 
inbuttonsbytheheat 
of a smith's forge. 



Infusible in the 
heat of a smith's 
forge. 



I 



Fusible by 
^the oxy- 
^hydrogen 
blow- 
pipe. 



5. Among the volatile metals, that is, those which pass 
off in vapor at comparatively moderate temperatures, are 
mercnry, cadmium, arsenic, tellurium, zinc, potassium and 
sodium. 

6. The metals differ greatly from each other in specific 
gravity. Some, like potassium and sodium, are lighter than 



134 



CHEMIBTBT. 



'Water ; the more common ones are seven or eight times as 
heavy as water. The heaviest metal is platinnm. 

Table of the Specific GravitieM of the more common metah^ 
at 60** F. compared with Water as the standard. 



Potassium 


•865 


Iron (cast) 


7-2 


Sodium 


•972 


Iron (wrought) 


7-7 


Magnesium 


17 


Nickel 


8-2 


Aluminium 


2-6 


Copper 


8-8 


Arsenic 


5-8 


Bismuth 


9-8 


Antimony 


^'7 


Silver 


10-5 


Zinc (cast) 


6-8 


Lead 


11-4 


Manganese 


7-0 


Mercury 


13-5 


Zinc (rolled) 


71 


Gold 


19-3 


Tm 


7-2 


Platinnm 


21-5 



7. Some of the metals are malleahle,* that is, they can be 
rolled into thin sheets or beaten into leaves, as gold, copper, 
tin,&c. Other metals are so hrittle that they may he reduced 
to powder hy hammering, as arsenic, antimony, &c. 

8. Nearly all the malleable metals are ductile, f that is, 
they can be drawn out into wire. It will be seen from tiie 
following table, that the ductility and malleability of the 
aame metal, are not always in proportion to each other. 



Order of MaUeabiUty. 
Gold. 


Order of Duetaity. 
Gold. 


Silver. 


Silver. 


Copper. 
Tin. 


Platinum. 
Iron. 


Platinum. 
Lead. 


CopjKfer. 
Zinc. 


Zinc. 


Tin. 


Iron. 


Lead. 



• MaDeable, from the Lstin maOeuSy a hcmmer, mari or mallet.' 
t Ductile, from the Latin dueen, to draw or lead. 
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€k)ld is the mostinaMeable of the metals. - A gnm oi-gM may be 
fieaten out so as to cover above fifty square inches of surface, or some- 
what more spaee than is occupied by the two pages of this book now 
open. Grold is also the most ductile of the metals. A gold wire may 
be drawn out so fine, that 550 feet of it will weigh only one |^n. •• 

10. The tenacity* of metak is measured by finding the 
greatest we^it which can be supported by a wire of a cer- 
tain thicknesti. ' The following table «hews the weighte 
capable of being supported by wires of different metah, 
each wire being^about one-tenth of an inch {'840 of a line) 
in diameter. From this table it would appear that iron is 
the most tenacious of the metals, 

lbs. 



• 

Copper 


302-27« 


Platinum . 


274-32 


Silver 


167-237 


Gold 


158-753 


Zinc 


109-54 


Tin . . 


34-63 


Lead 


27-621 



11. All bodies expand when heated, 4ut metala etpaind 
the most. An iron wire heated to 212* will be about gt^^oth 
part longer than it Was at 32*. 'Hie action of tiie cdmmon 
thermometer depends on the ready expaniibilifty of mercuiry* 

J5r. a. — ^The expansion of metals may be shewn -by mttaHk^n^iM 
brick, a knitting-needle, 
or piece of wire, and a 
thin board, as in the 
figure. On heating the 
wire with a spirit lamp, 
the board if carefally 
balanced will' be: >oTex^v 
tamed. 

12. Many of the 
metals combine with Fig. ei^ 

* Tenacity, from tlie Latin tetuaOi tMackj -hoMingoa. 
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eaeb other, fenmsg compoands, termed alloys ; if one of 
the metals he mercury, the compound metal is called an 
amalgam. Thus hrasa is an alloy of copper and zinc, 
while a looking-glass is " silrered'^ at the back with an 
amalgam of mercury and tin. 

B9, h, — ^Melt one onooe of zine iir a hidle, tnd add to it aa euiee of 
lead, and an ounce of bismnth. Thej will fonn an alloy, to Aiiible 
that it may be melted in hot water. 

Bx, c— >An alloy of eight parts biimutb, fire lead, and three tin, 
wilt melt at the heat of boiling water, or 212*. 

S», d, — ^If two parte of mercory be added to the last when melted, 
an amalgam will be formed, which remains flnid at a much lower 
temperature, and is nsed for injecting anatomicalf preparations. 

13. AU the metals combine more or less readily with 
oxygen, and frequently in more proportions than one. 
When a metal unites with oxygen it loses its metallic 
lustre, and takes a dull, earthy appearance. The metallic 
oxides may be conYenieutly arranged in three classes ; — 
1st, Acidifiable oxides ; — ^2nd, Basic oxides or bases;-— 
8rd, Neutral oxides. 

14. Aeidifiable oxides are those which, in combination 
with water produce acids (Chap. vii. § 10), that is com- 
pounds having for the moat part a sour taste, and the 
propeity of changing vegetable blues to red, and browns 
to* yellow ;. their chief and only essential characteristic, 
however, being their power of combining with bases to 
form salts. 

15. Bases, or basic oxides are chiefiy distinguished by 
their power of combining with and neutralizing acids. 
They include the alkalies, which are strong* bases, having 
alkaline properties, that is, a peculiar acrid taste, such as 
tJiat of soda, or lime, and the power of turning vegetable 
blues to green, and yellows to a reddish brown. 

• Adds or bases are spoken of as ttronff or weak according aa their 
acid or basic properties are more or less stvon^y marked. 
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16. The following is a list of the principal basic 
oxides : — 

Alkauis. 

Potass or Oxide of Potassium K,0 

Soda » f, „ Sodium Ns^O 

(Ammonia » f> Ammoninm) (NH4),0 

AxxAUKx Eabths. 

Baryta or Oxide of Barium BaO 

Strontia *> »> Strontium SrO 

Lime u », >» Calcium CaO 

llagnfisia >» •• Magnesium MgO 
Noir-ALKALnrE babes. 

Protoxide of Iron FeO 

Sesquioxide » »f Fe,0, 

Oxide tf Zinc ZnO 

Suboxide ** Copper Cu,0 

Protoxide »> » CaO 

»f ff Lead PbO 

» » Silver Ag,0 

Suboxide n Mercury HgsO 

Protoxide »* f> HgO 

n » Tin SnO 

Sesquioxide »> Chromium Cr,Os 

Protoxide „ Hickel NiO 

V Cobalt CoO 

Manganese MnO 

Sesquioxide » » Mn,0, 

,, n Antimony Sb^O^ 

17. Keutral Oxides are combinations of oxygen which 
do not possess the properties either of acids or bases. 

Water, or oxide of hydrogen, H,O^Carbonic OxidCi or 

oxide of carbon, CO, — and liitrous oxide, or laughing gas> 
1¥^,— are examples of neutral oxides among the metalloids. 
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Binozide of XttBganese, MnO,— and Binozide of Lead, 
PbO,--and Sesquiozide of Bismuth, Bi.Os, — are ex- 
amples of neatrai oxides amoDg the metals. 

18. The non-metallie oxides are mostly iieidifiable; 
hence, sulphuric, carbonic, nitric and phosphoric acid. 

The metallic oxides are for the most part bases; as, 
potass, soda, lime, oxide of lead, &c. 

The strong bases are all oxides, or compounds containing 
one atom of oxygen, and its equivalent of metal. 

The weaker bases are usually sesqui-oxides. 

The metallic acids are found only among the highest 
oxides, while the indifferent or neutral oxides hold an inter- 
mediate position. 

19. The oxides of manganese afford a striking illus- 
tration of the gradual change of properties by the increase 
in the proportion of oxygen : thus 

Protoxide of Manganese MnO strong base. 

Sesquioxide „ „ MnA weak base. 

Binoxide „ ,, MnO, neutraL 

Manganic acid HsO+MnO, ) strongly 

Permanganic acid HsO+MuaO,/ acid. 

20. The chief metallic acids are — 
Arsenious acid HgAsO, Antimonious aoidH,Sb,0, 

Antimonic » H,Sb,0^ 

Manganic «, H.MnO^ 

Permanganic „ HMnO^ 

TungstLc „ H.WO^ 

To these may be added the following, which» under certain 
circumstances, exhibit acid properties : — 

Ferric acid or Terozideoflron ' FeOs 

Auric M », Sesquioxide of Odd ' AuaOt 
fitfljmic t» >* Peroxide of Tin ' HsSnOj ' 



Arsenic 


i« 


H.AsO^ 


Chromic 


99 


H.CrO. 


Molybdio 


it 


H.MoO. 


Titanic 


»» 


H.TiO. 
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21. T he metals di£fer. greatly in their relative affinities 
for oxygen. 

Potassium and sodium, for instance, are oxidized by 
mere exposure to the air, and decompose water at all tem- 
peratores whenever they come into contact with it. 

Iron and copper remain unchanged in dry idr, and do 
not decompose water at common temperatures ; but each of 
them oxidizes slowly in a moist atmosphere, and combines 
rapidly with oxygen when heated to redness. 

Iron, however, seems to have a stronger affinity for 
oxygen than copper ; for the former can decompose water 
at a red heat, while the latter cannot produce that effect. 

Mercury will remain unoxidized even in a moist atmos- 
phere, and, though it combines with oxygen at about 
650^ F., its oxide is reduced to a metallic state when heated 
to redness. 

Neither gold, nor platinum, can be oxidized by exposure 
to heat alone. They are only made to combine with 
oxygen by an indirect and difficult process. 

22. The metals may be conveniently arranged 4n six 
groups, based on the nature of the compounds which they 
form with oxygen. 

Many of the metals being exceedingly rare, and not sufficiently im- 
portant to be considered in an elementary work, their names have 
been omitted from the following table, but will be found in the geheral 
list of elements, pages 9, 10, 11. 

CLASSmCATIOW OF THE MetAIS. 

1. MetaU jof the Alkalies, 

Potassium. Lithium. 

Sodium. (Ammonium)* 

2. Metals of the Alkaline Earths, 

Barium. Calcium. 

Strontium. Magnesium. 
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3. Metals of the Earths proper. 
Alaminiom. Oluciniam, &c. 

4. Metals whose oxides Jbrm powerful bases. 

lianganese. Zinc. 

Iron. Cadminm. 

Chromium. Copper. 

Nickel. Lead. 

Cobalt. Bismuth. 

5. Metals whose oxides are weak bases or acids. 

Tin. Antimony. 

Arsenic. Tungsten, &c« 

6. Metals whose oxides are reducible by heat alone. 

Mercury. Gold. 

Silver. Platinum, &c. 

EXERCISES ON CHAPTER XIX. 

1. How many metalHc elements are there? Name thoie wfaidi 

were known to the ancients. 

2. How are the metals to be distinguished from the noQ-metaOie 

elements ? 

3. What is the natural state of the metali at ordinary tempen- 

tures? 

4. Give the fusing point of the principal metals. 

5. Name some of the volatile metals. 

6. State the specific gravities of some of the metals. 

7. When are metals said to he malleahle ? 

8. Why are some metals termed ductile ? 

9. Name the metals in their order (I.) of malleabiUty, (2.) of 

ductility. 

10. How is the tenacity of metals estimated ? Which metal is the 

most tenacious ? 

11. How may the expansihility of metals by heat be illnstrated^ 

12. What are alloys and amalgams } 

13. How may the metallic oxides be classified ? 

14. What are adds ? 

15. What are bases ? What are the properties of an alkaline base ? 

16. Name the most important bases, and state their composition. 

17. What are neutral oxides f Give examples. 



HETALB 07 THE ALEALISS. 14|, 

18. How does tbe proportion of oxygen affect the character of 

metallic oxides ? 

19. lUnstrate this by the series of oxides of manganese. 

20. Name the chief metallic acids, and state their composition. 

21. lUostrate the different affinities of metals for oxygen. 

22. How may the metals be conyeniently classified ? 



CHAPTER XX. 
METALS OF THE ALKALIES. 

TOTASBIXTM, BODITM, LITHIinC. 

PotassiimL Symbol E ; combining weight 39 

Sodium. ,» Na^ ,» „ 23 

lithimn. ,> L; „ » 7 

{Ammonium,) „ (NH4) „ „ (18) 

1. Potassium, (or Kalium^ whence the symbol K.) is a 
silvery white metal, so soft at ordinary temperatures that 
it may be readily cut with a knife. At 32^ it is brittle, 
and at 150° it fuses. It is considerably lighter than water, 
its specific gravity at 60° being 0.865. It occurs abundantly 
in nature, but always in a state of combination. 

2. The most striking chemical property of potassium is 
its great afi&nity for oxygen, with which it unites to form 
the alkali potass or potash. The affinity of potassium for 
oxygen is so strong, that if the metal be exposed to the 
air it immediately becomes covered with a film of oxide, 
hence it can only be preserved by being kept under naphtha, 
a liquid which contains no oxygen. 

3. Potassium was first obtained by Sir H. Davy in 1807, 
by decomposing hydrate of potassium, EHO,by means of 
a voltaic current. The oxygen both of the water and the 
potass appeared at the positive pole, while the hydrogen of 
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tkt water appeared with the meytal potaMian at Che iiegn- 
tive pole. 

4. FotaMiam is now generally procpred, either by fiuing 
hydrate of potasainm, KHO, with iron tomings, Fe ; or 
by heating together carbonate of potass, K^CO,, and char- 
coaly C. 

In the first case the hydrate of potassium is decomposed 
by the heated iron, which combines with the oxygen, 
while the liberated potassium sublimes, and may be col* 
lected in a cool part of the apparatus. 

2KHO+2Fe = 2Fe04-2H+2K. 

In the second pro* 
cess, which is similar 
to that for obtaining 
phosphorus, (page 
105), the charcoal 
combines with the 
oxygen, forming car* 
bonic oxide, and the 
^ potassium is set free 
^ as before. 

The vessel C must 
befilled with naphtha^ 
Fig. 62. ^^^ ^cp^ quite cool. 

K,C03+2C = 3CO+2K. 

Ex, a, — Throw a globule of potassiam upon a little water In a plate, 
tbe water will be immediately decomposed. Its oxygen combines 
with put of the potassium to form potass, while its hydrogen unites 
with another portion of the metal forming potassiuretted hydrogen, 
which bums with a rose-colored flame. 



Ex, b. — Put a globule of potassium on 
the surface of ice, a similar action will 
take place, and a similar light will be 
produced. 

Ex. e. — Perform the experiment da* 
scribed in Chapter IV., p. 21. 
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dl— Parfonn B«, a,- with water. .preTJoutly ^^olored yellow by 
turmeric or rhubarb, or rendered blue by infusion of Tiolets or red- 
cabbage ; the yellow will be changed to brown and the blue to gp'een,. 
■hewing that an alkali has been formed. 

JBr. «. — ^Pat a small fragment of potassium with a little flour of 
Bulphiir into a test tube, and hold it for an instant or two in the 
flame of a apirit lamp. The sulphur and potassium will instantly com- 
bine^ forming sulphuret of potassium. Light and heat will be evolYed,. 
and the tube will be broken. 



f. — ^Repeat the preceding, using iodine instead of sulphur ;. 
iodide of potassium will be formed, attended with a brilliant light, and 
the breakage of the tube, as before. 

5. Every siibstance in which oxygen is known to be- 
present may be decomposed by the metal potassium, and 
almoat all such decompositions are accompanied by the 
disengagement of light and heat. Hence, thongh not 
applied to any important uses in the arts, it is a valaabie 
agent in the hands of the chemist for analysing other 
bodies. 

6. Potass, Potassa, or Protoxide of Potassium, KiD,=94» 
— ^Ptire or anhydrous Potass may be obtained by heating 
potassium in ibry air or oxygen, whereby the metal becomes 
conyerted into a white solid, which possesses powerful 
alkaline properties, and is extremely caustic ; it fuses at a 
red heat, and is Tolatile at a white one. 

When this solid is. moistened with water, it slakes like- 
quick-lime, evolving great heat, and forming the hydrate- 
of potassium, described in the next paragraph. 

7. Hydrate of Potassium, KHO,=56.— This substance, 
generally known as caustic potass, is formed whenever a. 
solution of potass in water is evaporated to dryness. Thus 
when potassium is burned on the surface of water (as in Ex^ 
a.), the water will be found, after the combustion, to contain 
potass ; if this solution be evaporated to dryness, the solid 
substance that remains is not pure potass, but a hydrate of 
potassium, each molecule of which consists of one atom of 
water and one of potass (K30+H20=2KHO). No increase 
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of temperature can remore the vater from this compound, 
for it may be fused and eren Tolatilized unchanged. 

8. Hydrate of potassium may be procured by boiling 
together hydrate of calcium, .CaO,H^O, and carbonate of 
potassium, K.CO,; the carbonic acid leaves the potass, 
and uniting with the lime, forms an insoluble carbonate of 
calcium, CaCO,, which is precipitated ; the clear liqnid is 
then drawn off, and evaporated to dryness in an iron or 
silver vessel, when the hydrate of potassium is left as a 
whitCi soluble, deliquescent solid. 

K,CO,+CaO,H,0 = CaC0,+2KH0. 

If the heat be continued, the mass fuses, and may then be 
cast into moulds, forming pencil-like sticks, in which form 
it is much used by surgeons as a caustic, and by chemists 
for removing carbonic acid gas from gaseous mixtures. 

9. Potass is a constant ingredient in all fertile soils, and 
is found in almost all plants, especially in the leaves and 
young wood, hence it has been termed the vegetable alkali. 
It is known in commerce under the name of pot-ash and 
pearl-ash, which are mixtures of the hydrate and carbonates 
of potass, more or less impure. 

The terms pot-ash and pearUash point to the source 
whence we obtain potass, namely, the ashes of land plants. 

Em. g, — Pour a little water over some ashes of burned wood in a basin, ' 
stir the mixture, and leave it a little while in order to dissolve what is 
soluble. When the heavier parts have settled, strain off the dear 
liquor, boil it to a thick syrup, and set it by to cool ; when cold, it will 
be found a solid mass of impure carbonate of potass. If this be boiled 
with lime as already described, hydrate of potassium (caustic potass) 
may be obtained. 

If the hydrate be wanted very pure, it may be dissolved in alcohol 
(spirits of wine), which dissolves only the pure hydrate, leaving earthy 
and other impurities behind ; the alcholic solution may then be strained 
off, and the alcohol removed by distillation in a platinum or silver vesseL 
Metallic vessels must be used, as potass combines with silica (flint) and 
alumina (clay), and would consequently corrode glass or porcelain 
retorts. 

10. Potass possesses powerful alkaline properties, being 
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mtenatij acrid, and neutralizing the strongest adds. It is 
extremely caustic, or destnictiTe of animal matter, whether 
liying or dead, hence its use in surgery. 

It is much employed in the manufacture of glass, also 
in making soft-soaps, and in the processes of dyeing and 
caHco-printing. 

Ex, h. — ^Ponr a few drops of oil on some water in a glass, and then 
stir in a little potass, the potass combines with the oU, forming a soapy 
mixture, which, if the water were CTaporated, would become what is 
commonlj called tqft-toap. 

This acconnts for the soft, greasy feel of potass when touched with 
the fingers, the skin is decomposed and the potass forms a soap with 
its oily elements. For a like reason soiled clothes are cleansed by 
boiling with potass, for the alkali unites with the add of the grease 
contained in them, and forms a soap, soluble in water. 

J?jr. t. — ^Mix in a crucible 10 parts of potass (common pearl-ash), IS 
of sand, and 4 of charcoal, and heat it in a strong fire ; the potass and 
silica will combine and form a glass (silicate of potassium) which is so* 
Inble in water. 

11. Sodium, (or Natrium, whence the symbol Na), the 
metallic base of the alkali Soda, has a silvery lustre^ and a 
slightly reddish tinge. It is so soft that it may be cut with 
a knife, but, unlike potassium, it retains this softness at the 
freezing point, 32^) it melts at 194^, and goes off in yapor 
at a red heat. It is somewhat lighter than water, its spe* 
cific gravity at 60*" being 0.972. 

12. Sodium very much resembles potassium in its pro- 
perties, and, like that metal, occurs abundantly in natare, 
but always in a state of combination. Its most important 
compounds are carbonate of sodium, NajCOa, ^i^d chloride 
of sodium, NaCl. ; in the latter form it composes vast 
beds of rock-salt in various parts of the world, but is 
still more extensively diffused in the waters of the ocean. 
It is also found very plentifully in sea-weeds and marine 
plants, and seems to be always present in the bodies of 
animals. 

12.* Sodium has a great affinity for oxygen^ and must^ 
therefore, like potassium, be kept in naphtha. 
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It decomposes water rapidly, font does not buMt^ittte 
flame, unless it be placed on a bad fcondactor of hes^ 
—or its movements be retarded by mixing €taroh> or gem 
in tbe water, — or unless the water be heated ; in the latter 
case it takes fire at once, hnruing with a characteristioytf^ 
low flame, and forming a solution of soda, 

£r. k. — ^Try experiments with sodium similar to those described'With 
potassium, Ex. a, b, tf, d, e, f. 

13. Sodium was obtained by Sir H. Davy ia lS07,hy a 
similar process to that whereby he obtained potassittn, 
using, of course, the hydrate of sodmm, NaHOi'^inisteffd 
of the hydrate of potassium. 

Sodium is now obtained either from the hydrate .or car- 
bonate of sodium, by processes similar to those described 
in § 4 for obtaining potassium. 

14. Soda, or Protoxide of Sodium, 'NtUO = 62. 
Hydrate of Sodium, NaHO «=£ 40. 

These substances have similar properties to those pos- 
sessed by the corresponding • compounds of potassium, 
though in a somewhat feebler degree; eati. are pr^aredin a 
similar way ; it will be well, therefore, in order to save re- 
petition, to refer at once to §§ 6, 7, 8, making the neces- 
sary changes in nomenclature. 

15. Soda, being widely diffused throughout the mineral 
kingdom, was formerly termed the mineral ^kali, to 'dis- 
tinguish it from potass, which, as being procured from 
wood ashes^ was termed the i7«>^e^a6/e -alkali. 

Sx. L — ^Try. JEx, g. with the ashes of burned sea-weed, — ^first an 
impure carbonate, and afterwards a hydrate of sodium will be obtained. 

16. Soda is powerfully alkaline, neutralizing the strongest 
acids ;, it is extremely acrid to the taste, and very oausde. 
It is employed in the manufacture of glass, and in making 
hard soap. 

17. Lithium, Li^^-T. This is a rare metal, somewhat re- 
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«embting sodiuBi/ obtained from' a- fftw Bibrot«is^«Ad<f)hriii- 
iog the^base of ftn^ alkali- tenned' Litfais^ lAfi**'V^rj '.little 
is known about- litlnum or ita compotuida ^j the'iotter *^«b 
a carmine color to flatted - 

18. Ammoniiuxi, NH4=18. This is a hypothetical* sub- 
stance, being, according to some chemists, the metallic 
base of Ammonia, which is a compound, possessing pro^ 
perties analogous f to those of potass and soda, and e'xactly 
replacing them in combination. Ammonium has nevet 
been obtained in a separate state, and if it really exists, ' it 
differs greatly from the other metals, inasmuch as it is a 
compound of Hydrogen and Nitrogen, and not a simple 
body. 

19. Ammonia, NH,^^ 17* This is a gaseous body, 
formed by the union of hydrogen and nitrogen. It is 
colorless, irrespirable, and of a pungent, acrid taste. It 
possesses powerful alkaline properties, and is lighter > than 
common air (sp. gr. 0.59). 

I£ the gas heperfectly dry, it has no actionon vegetable colors* (Com* 
pare Chap. VII. § 14.) 

20. Ammonia has a strong affinity for water, which 
readily absorbs more than 700 times its bulk of the gas, 
acquiring its odor, taste, and alkaline properties. This 
solution, NHjjHjO, is called '* liquor ammonia*\oT '^ spirits 
of hartshorn,*^ and is the common form in which ammo- 
nia is sold and used. ' It has been considered by some as 
a hydrate of ammonium (NH^)HO corresponding to the 
hydrate of potassium, KUO ; or the hydrate of sodium, 
NaHO; 

21.. The name ammonia is derived from the old name 
given to chloride of ammonium, NH4CI, saUammoniacump 
^e Ammoniac salt, from Ammonia, a district in Northern 
Africa, whence it was obtained. 

* Hypothetical — supposed, taken for granted. 
t ^fia2t;^0M— corresponding to, resembling. 
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It WM formerly called "tpiriti of hartshorn" becaxue 
it wai obtakied by the dry distilLitioii of horns, bones^ 
boofiy and other aDimal matter. It has likewise been 
termed the vdatUe alkali, from its readiness to assume the 
gaseous form. 

22. Ammonia may be readily prepared by heating to- 
gether In a retort or flask, one part of sal-ammoniac (chlo- 
ride of ammonium) and two parts of quick-lime; and 
collecting the gas over mercury, or by displacement, t. e, 
by carrying the delivery tube upwards into dry inyerted 
jars. 

The decomposition may be shewn as follows — 
2NH^Cl-hCaO « Caa,-|-H,0+2NH3. 

Ammonia may also be prepared by the decompositioD 
of dilute nitric acid by either iron or zinc 

Thus— 

4Zn+9HNO, = 4(Zn2NO,)+3H,0+NH,. 

23. A considerable quantity of ammoniacal vapor ia 

given oflf during the distillation of 
coal in the process of gas-making, 
(Chap. XII., § 1 9). It may likewise 
be procured, as already stated, by 
distilling in an iron retort, bones, 
horns, hoofs, &c. 

In whatever way the gas is pre>» 
pared, a solution of ammonia may 
be readily obtained by passing a cur^ 
^ ^ rent of gas through water. 

24. Ammonia is one of the most active and valuable 
elements of manure j it is produced by the putrefaction of 
all organic substances which contain nitrogen. It exista 
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in unall qnantitieB in atmospkeric ur, from which, «ccord- 
ing to Liebig, it ia abeorbea bj the leaves of plants; it 
caters their roots when dissolved in water, and greatly in- 
creases tlie liuurisnce of Tegetation. 

St. K. — PoHDd together in a mortu amill piecei of qnick-Jime *nd 
ul-unmomic. Though lepumtely the; hsve no (cent, the; will when 
that mingled giTe off a powerful odor of ammonia, aa above explained. 
Ex. a. — Faaa a current of ammoniacal ga* through wat«i colored 
either with tnnneHc, reddened litmus, oi tincture of red cabbage ; the 
color of the fint will be changed to brown, of the lecottd to bine, and 
«f~the third, to green. 

The experiment may be laHed by eipoung tlipa of paper moittened 
with the colored liqnidB to the action of the gas ; Or by adding a few 
drops of liqtud ammonia to the aeveral aolntions in teat glaaaei. 

Si. p — Make a very weak solution of sulphate of copper, lad add 
to it liquid ammonia ; hydrated oxide of copper ia at firat precipitated, 
but will be inatantly reduiolTed, and form a beaatjful blue solution. 

Sz. q. — Fill a long, dry, glaii tube eloaed at one end with ammo- 
■uical gas ; when qidta full, remOTe it, keeping it perfectly upright, and 
bnmene it| mouth downwards, in a vessel of water (containing more 
Uian aoffideat to fill the tube) ; tke gai will 1ie rapidly absorbed bf 
the water, which will rush up the tabe with considerable force. 

-Ex. r. — Fill a b^ with ammoruacal gu, and substitute it for the 
fliak B in the adjoining diagram, and pass the ga* over binoxide of 



■inganeie heated to redness in the tube a b. The ammonia will be d»> 
composed, and its elements uniting with the oxygen from the mineral 
WiU form water and nitric oxide gas, wluch latter may Ik leco^ 
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oftheiir — 

Xm. 9, — PerfGrm E9,g.f,Cfuip. XIL, using 2 measvies of ammonlacal 
gas and 1| of oxygen, explosion will ensbe. The oxygen will unite 
with the hydrogen to form water;, the nitrogen Will be disengaged; 
8om6 of the oxygen will unite with the nitrogen to form nitric acid/ 
ktnce the. water i» the bottle wsU be tUghtUf. acid. 

JEr* /»t-Heat .a globule of sodium, (or. potas&iam)i.with a little mer- 
cury in a test-tube, tbey will combine and form an amalgam. .Wbea 
ooldfi pour, over it a stmng solution of chloride of.,nmmonium. The 
mascury will .greatly increase in .bulk, without (losing its lustre, and fill 
the tube witba light pasty amalgam*. "The chlorine- and the sodium 
wnite to form common salt, while the mercury combines with the zm- 
moninm, witkotti toiinsr its metalUe htMtre:' Now there is no instance 
of mercury or any other metal retaining its metallic properties when 
combined with a non-metaliic substance^ The inference is, therefore^ 
that ammoDinmia a metal.''---)Por/«r. 



., XXERCISBS ON CHAPTER XX. 

. I. State the symbol, combining eqjoivalent, and leading physical 
- propertiea of potassium^ 
' ' 2; What is the most striking ehenncal property of potassium ? 

3. When^ and by what mean»was potassium first obtained ? 

4. How is potassium- generally procured ? 

5. Why is potassium a valuable chemical agent ? 

6^ Name some of the characteristics of pure potass. 
7. What is hydrate of potassium ^ 

6. How may hydrate of potaimm be {Hroooredi. 

9. Where is potass found in nature ? Whence does it obtain its 
different names ? 

10. Name some of the properties and uses of potass. 

11. State the symbol, combining equivalent, and leading character 

istics of sodium. - 
12» Haw is sodium distributed in nature .'^ 
13. How may sodium be procured ^ 

14» Stata-the properties of soda, and of the hydrate of sodium. 
lb- Why has soda been termed the mineral alkali ? 

16. Name some of the uses of sods. 

17. What is lithium? 

. 18. What is ammonium ? 

. 1%^ Describe the leading properties of ammonia^ 
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SOk Whftt i$ liquid. ammonia ? 

2L B J what names is ammonia known, and whence are they de- 

riTed? 
S2ii How may ammeniacal^ be prepared } 
2^i Mom may liquid ammonia be obtained ? 
24i Of whalnae.istammouia? 



CHAPTER XXI. 

METALS OF THE ALKALINE EARTHS. 
2ASII7M, STBOimrM, fllALOIUHy HAaiTSBXlXK. 



Symbol BtL, Combining weight 137. 
fltrontiTim. „ Sr. „ „ 87,5. 

Oalcimn. „ Ca. „ „ 40. 

llCagnerinm. „ Mg. „ „ 21. 

1. Barinm is a B}lyei74ookii]g metal, prepared from 
baryta by a similar process to that described for obtaining 
potassinm. It decomposes water, and oxidizes on exposure 
to air. 

2. It occurs, in nature in combination with sulphur and 
carbonic acid, forming yeinstone, which is frequently found 
in laad mines, and is called by tiia miners heavy spar, in 
attuflion to its great weight ; (^apu^, barus, heavy.) 

. 3. .Baiyta, or Sarytes, BaO = 153. — This is the oxide of 
the metal Barium, and when anhydrous, is a grey, porous 
mass^ that slakes, like lime, when moistened with water, 
fsnmiig 4he hydrate of barinm, BaH , ^i . All the solutions 
of hsryla aro more or less poisonous. 

4..Strontinm is a metal similar to barium, but darker 
in colour, and produced from strontia by a like process ; 
it is found in the lead mines of Strontian, in Argyleshire^ 
wbence it derives its name. 
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5. StrontiAy 8rO= 103.5.— This is the ozideof the metal, 
•trontiam, and resembles baryta in ahnost every particular. 

£r. «. — Strontis and its oompoands inty be inttantly kaowB by 
the brOlitnt red oolor which thej gi^e to flame ; this may be aeen l^ 
placing a crystal of the nitrate of strontia or some powdered strontia 
Into the flame of a candle or spirit lamp. 



6. Caleiim is similar in appearance and properties to 
the last two metsls ; it may be obtained, though with diffi- 
culty, from lime, by fasing it with potassiom. 

7. Lime, or the oxide of calciam,CaO=28. — ^This is an 
extremely important compound ; it is prepared for build- 
ing and agricultural purposes, by heating chalk or other 
limestones to redness for some hours in a kiln. By this 
process the chalk, which is a carbonate of lime, is decom- 
posed, and the carbonic acid is driven off, while the lime 
remains. When moistened with water it slakes, evolving 
much heat, and crumbling into a soft powder, which is 
the hydrate of calcium, CaHjO,. This hydrate parts with 
the water again if exposed to a red heat. 

8. Thehydrate of calcium is slightly soluble in water, and 
it is remsrkable that the colder the water, the larger the 
quantity of lime dissolved. The solution is called lime- 
water, and is kept as a test for carbonic acid. 

9. Lime-water has a disagreeable taste, is acrid and 
caustic, like solutions of soda and potass. It has a strong 
alkaline character, turning vegetable blues green, and 
yellows of a rediUsh-brown, and restoring the blue oolor 
of reddened litmus paper. 

10. By exposure to the air, it becomes covered with a 
film of carbonate of calcium, CaCO,, which is due to the 
absorption of carbonic acid gas from the atmosphere. 
The hardening of mortar, which consists of lime and sand, 
is owing to the same cause. 

11. Besides being used for making mortar, lime ia 



H1TAL8 OF THS ALKALUnB lABTHI. 153 

employed in agricnltarey to increase the fertility of the 
soil. Its action in thia respect is not well anderstood» 
but its effects are most striking on clayey soils and on 
lands which contain an excess of vegetable matter, as turf 
or peat* 

12. It probably improves the peaty soils by causing the 
rapid decomposition or decay of the vegetable matter con- 
tained in them ; and the clayey soils, by decomposing the 
insoluble compounds of potass (silicates, &c.) and setting that 
alkali free to be dissolved by the rain-water and carried into 
the tisanes of plants* 

Ex. b, — Place a few imall pieees of chalk in a crucible, and subject 
them to a red heat for an hour or so. This will drive off the carbonic 
add, and leave the lime pure. 

Baryta and strontia may be obtained by treating their carbonates or 
nitrates in a similar manner. 

JEr. e, — Stir a little lime in some cold water, and allow it to settle, 
the clear solution is lime-water. Dip a piece of reddened litmus 
paper into some of it, and the blue color will be restored, showing 
that it baa alkaline properties. 

The alkaline properties of baryta and strontia may be shown in a 
similar manner. 

.Sp. d. — ^Boil some of the clear, cold lime-water in a glass flask ; as it 
becomes warm, very small crystals of lime wiU be deposited, which 
will be again dissolved as the liquid cools. 

13. Magnesinm is a soft white metal prepared from 
the chloride of magnesiom, MgCl,, by fusing it with po- 
taaainm. It bums when heated in the air^ producing a 
brilliant white light, suitable for illumination and for pho- 
tographic purposes, and forming a white powder well 
known as magnesia. 

14. Magnesia, MgOss40. — ^Tbis is the only oxide of 
the metal, and is prepared by nosing to a white heat in an 
earthen crucible tne common magnesia of the shops, which 
is a carbonate. As in the case of lime, the carbonic add 
is driven off by heat, and there remains, pure, or as it is 
sometimes called, calcined magnesia. It is a soft white 
powder, attracting moisture and carbonic acid from the 
atmoephere. Its alkaline reaction is not so easily shown 
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m ihtti of the previous. oiideB» bnt^t'eompletely neaicBlises 
tlie most powmvl aoids. 

£XBRCIS£S ON CHAPTER XICI. 

1. Give the names, symbols and equivalents of the metals of .the 
alkaline earths. State the properties of barinm. 
"12(1 Name some natan^'OonbinalioBs of barinm. 
-''■Si Pesoaibe the natma and propeBtiea of baryta. 

4. What ia stroBtinm ? 
, h, G'n9 the symbol, &c. for strontia. 

6. How may calcium be obtained ? 

7. How is lime procured ? 

8. "What is lime-water ? 

9. Describe the properties of lime-water. 

10* Why does mortar harden on exposure to the ^ ? 
11. On what kind of soils is lime most useful ? 
_ .12. , How does lime act in promoting the fertility of the soil ? 

13. Describe the metal magnesium. 

14. What are the properties of magnesia ? 



CHAPTER XXII. 
METALS OF THE EARTHS PROPER. 

ALTTMimrSC, OB ALITHIlinUM, &0« 

lAhunininm* • Symbol AL ComhiiUim weight 27,^. 

' !• Alniftifiiiiwi is prepared "by deeomponng^'the chlo*^ 
ride of Aluminium, AloClj, by meatw of metallic todiam. 
It is a white metal, hayiug the appearaDce of tin, but 
much lighter. It does not readily tarnish in the^ftir, and 
may indeed be poured in a melted state from one ▼ewd to 
another without oxidation (sp. gr. 2.6). 

, ,2.vljb' has recently been prepared in< somewhat large 
quAotities^ with a view to its employment in the arts. A 
dieBp^method of obtaining potassium, or sodium, would no 
doubt lead to the more general use of this metal. 

'3.1 It isi'highly. sonorous^, and Uienef ore : auted for the 
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vianiiftustarerdf.faeUB;. On aooount of its lightness and 
tenacity the French goyemment haye proposed using it 
l(Mr;liftlaiel»and cnurasses. Its power of receiying and re- 
tatmng a<<biiliiant polish, combined with its lightness^ 
would' catise it to be- used for many pmrposes in which silyer 
10 no:w employed. 

<4.- JJnmina, or-the'isesquioxide of aluminium, AI3O3SSS. 
103. — ^This substance is one of the most abundant produc* 
tiona of nature. It is found in eyeigr region of* the globe, 
and' in rocks of all ages. The different kinds of clay 
of- "wliiclr bricks, pipes, and earthenware are made, consist 
of silicate of aluminium in a-greater or less degree of purity. 

5. This earth generally appears in rude shapeless masses, 
bat sometimes it* is found^ beautifully <»ystallized. The 
ruby and the sapphire • are composed of nearly pure alumina 
with a little coloring oxide. 

6. Alumina is mostly found combined with silica and 
potash, as in the case of the mineral termed felspar, which 
forms the chief constituent. of granite, porphyry, and other 
unstratified rocks, and may be considered a double silicate 
of potassium and aluminium, K4Si04+Al43Si04. 

7. The gradual crumbling down of hard granite rocks, 
is owing to the decomposition of the felspar and the re- 
moYal of the silicate of potassium; the result is clay, in a 
greater or4es»^gree of purity. The white porcelain clay 
of PaTOPsbire ^ and Comwall is thua produced from th^ 
fine white granite of those. districts. 

Clays are often colored, owing to the presence of oxide 
of iron or other substances. Clays which contain chalk or 
carbonate of calcium are termed miir2s^.and may be known 
by their effenrescing with acids. 

8. Pnre Alumina has neither taste nor smell, is of a 
-white color, and is quite insoluble in water, which, how- 
eyer, it readily .absorbs., It has a stroqg affinity for yarious 
coloring matters -, hence, it is of great importance in dye- 
ing : ibe pigments called lake colors, such as crimson 
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lake, madder lake, &c., are coloring matters combined 
with alamina. 

JEv. «. — Boil cochineal in water until ita color ia extracted ; in tiui 
infuaion diaaoWe aome alum (which ia a aulphate of aliiminA and potaas), 
«nd then add ammonia. Thia will take away the aolphmic acid of the 
alum, and precipitate the alumina, which will carry down with it the 
eoloring matter of the cochineal, and leave the liquid clear and 
^olorleaa. The precipitate ia carmine. In the same way numeroas 
other oolora may be made. 

9. The other metals of this class occur only in very 
small quantities, or in extremely rare minerals, and have 
therefore been passed over. Their names are Cerium, Di- 
dymium. Erbium, Olucinium, Lantiumum, Horium, Ter- 
l)iumi Thorium, Yttrium, and Zirconium. 

BXERCISBS ON CHilPTER XXII. 

1. State the aymbol, equiyalent, and propertiea of aluminium. 

2. Why ia not aluminium in common uae f 

3. For what purpoaea might aluminium be employed ? 

4. What ia alumina? 

£. Name aome natural forma of alumina. 

6. WhatiafelaparP 

7. How ia porcelain day produced? What ia marl? 

8. What are the propertiea of pure alumina ? 

^. Why are the other metala of thia claaa comparatively unim- 
portant? 

CHAPTER XXIII. 

IIETALS WHOSE OXIDES FORM P0WERST7L BASES. 

irroup A — Not precipitable from acidsoluHans by sulphuretted 

hydrogen. 

HAKGANESS, IBOK, CHBOMIXTM, TSTLOISXL, COBALT^ ZING. 

Kanganesei Symbol M, Combining weight 55. 



Iron, 




Fe, 


t» 


n 


56* 


Chromiumi 




Cr, 


»» 


n 


62.5. 


Nickel, 




Ni, 


$» 


f9 


59. 


Cobalt, 




Co, 


ft 


$$ 


69. 


Zinc, 




Zn, 


»$ 


»» 


65.2 



1. Manganese is a grey metal, something like cast-iron. 
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Tery hard and brittle. It fases \nth difficulty^ and when 
pure oxidises so rapidly, that, like potassium, it must be- 
kept in naphtha. It is found in nature chiefly in the form 
of the black oxide or peroxide^ MnOs, and as a constituent 
of many other minerals. 

52. The black oxide is employed in the preparation of 
oxygen and chlorine, as already stated ; it is also used to 
give a yiolet tint to glass, and in the production of artificial 
amethysts. There are seyeral other oxides of this metaV 
some haying acid properties, but they are of comparatiyely 
little importance. 

jSr. «. — ^Mix together in a mortar equal parts of salt-petre (nitrate- 
of potaatiam) and black oxide of manganese ; put this mixture into a 
cmdble large enough to hold three times the quantity, and expose it 
to a red heat for half-an-hour, or as long as any gas is given offL 
When cold, add a little water to the mass, a green solution of manga* 
nate of potassium will be obtained, which maybe poured off, evaporated, 
and erystallized. It has been called the mineral chameleon from the- 
cnrious changes it undergoes. 

£x, b, — ^Put some of the dear solution formed in the preceding ex* 
periment, or 10 or 12 grains of the crystals into a taU glass, and 
add gradually some water ; the green color soon begins to change 
through light green, blue, purple, to a crimson-red. If a few drops of 
sulphuric acid be added to the green solution, the change to red is in- 
stantaneous. These alterations of color arise from the salt attracting^ 
oxygen. 

JSx. e, — ^Pnt into either the green or redsolution, a piece of wood or 
, paper, or other organic substance, and the color will be removed, so 
eaidly is the add decomposed. 

JSr. d, — ^Put some of the crystals into two glasses, and add to th& 
one hot, and to the other, coldf water. The hot solution will be of & 
beautiful green color, and the cold one of a deep purple. 

JEr. e. — Pound some flint-glass in a mortar, and add to it a very' 
little black oxide of manganese ; fuse the mixture by the blowpipe or- 
in a cmdble. The glass will become of a beautiful amethyst color. 

3. Iron is a most important metal, it occurs native to a 
smaU extent. When pure, it is of a bluish-i/vhite color, has 
a metallic lustre, is very soft and tough^ exceedingly 
malleable, and highly tenacious. 
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4i Tb« oidinarr aoWoe «f (bt* mebd u the riiy iran- 
•toiM whtoh ia fouid in thm be^ or>iiodiilM, Buocadcd 
ifitfe eotlj < The iro»<itMie<«o[uuta of theMidccrf inn) 
Mibodieiwnd, «ilu». oUy.liBae, migmtki and othen'tuW 
■Uncea. It is fint broken to pieces aad huted Jnit 
fnnww to expel the wKter aod carbonic acid, and i» then 
ready for rednctioa to the metdlic state. The foroace in 
nhich thin procesa of reduction or . smelting ia cartied 
on, ia usually of large dimensions, sometime* fifty or sixty 
feet high, the interior being lined with fire-bricks. The 
bottom oi the furnace is closed, end a blaat of bit is 
introduced by means of pipes. The roasted iron ore, which 



contains on an aTerage abont 30 per cent: of metal; ia intKH 
duced at the top, mixed irith coal and limestone. It is 
worthy of obserration, that the materiala ■neceaaapy- for 
the reduction of the iron are all found in the sane localitf. 
When once the fitmaoftis in operation, the -smelling eon* 
tinnea for years witfaoat tntermiaaion, &eah matcdala bemg 
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ttota time to time introducedattfa«'tep.' b is thoimfat 
that tiie iron u Rdnced to iU metalLie^Mste ta thecoalMl 
IMTts of tlie furnace; where tke tempentore-u veiy 
tiigh. Ab the msBB Waka iowa> in ' tlw fomace 40 -the 
part termed the BmAm, it becomes 'move ntrongly heated; 
the iron unites vith the white hot carbon, forming ear- 
bide or carburet of iron, while the Biliaa- and. alamina unite 
with the lime of the limestone to form a glaiay lUg. The 
iron andalagnowreachthebottotnorAeaHAiiiaflaidBliate, 
and arrange themseWea according to 'their weight; ' the 
molten iroQ at the bottomi '-and the Mag floatiag on its 
surface. These are then drawn offthraiigh different opea- 
inga at the bottom of the'fonaace, and the iron being nrn 
into moulds of sand, constitntes the oait^irou or pi^iroa at 
commerce. 

5. Formerly these furnaces were heated with coke, but 
hy the introduction of hot air through the blatt pipes, raw 
coal may be used instead. The air is raised to a teni^ 
perature of 600* or 700° by being made to traverse aseriea 
of red hot iron pipes, it is then forced into the furnace by:* 
blower, worked by a steam engine. An immense sanng of 
fuel is effected by this arrangement, which is termed the hot 
blast. 

6. The cast-iron or pig-irou of commerce is converted 
into maUesble wrought-iroa 

by a process called putldlinff. 
This process is conducted 
in a reverberating furaaca. 
The cast-iron is laid on the 
bed of this reverberating 
furnace, a current of burn- 
ing gases proceeds from the 
fuel, which is reflected to the 
bed of the furnace by the Fig. w. 

arched roof. The heat soon 

melts the metal, which becomes covered with a crust of the 
oxide of iron. Tlie workman, with an iron rod like a boat 
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oir, diliraitly Btin the melted mam, so as thoroughly to mix 
the o^e with the metal, and bring every part of the 
molten mass to the anrfiue. A little water is occasionally 
thrown on the metal, to promote a more rapid absorption 
of oxygen. The object of the process is to convert the 
carbon of the cast-iron into carbonic oxide, CO, and jets of 
this gas may be seen burning on the snrfiaoe, with its cha- 
racteristic bine flame. The mass gradaally loses its fluidity, 
and becomes pasty and granular. The heat of the furnace 
is now quickly raised, the workmen gather the partides 
into large balls, which are removed from the furnace, and 
placed under a large hammer — by which most of the fluid 
impurities are squeezed or hammered out. The iron is 
then heated a second time, and passed between large iron 
rollers, furnished with grooves ; by which process it is con- 
verted into the wrought bar-iron of commerce. 

7. When very superior iron is required, the bars thus made 
are cut into a number of pieces, which are bound together 
and again raised to a white heat, hammered and rolled into 
a single bar. This process is sometimes repeated two or 
three times, and is called fagoting. Wood charcoal is the 
best fuel for the reduction of iron, but the expense is too- 
great to admit of its use. 

8. Steel, which is a compound of carbon and iron, ia 
made from cast-iron, by burning out half its carbon, or 
from wrought-iron by restoring half the carbon of which it 
was deprived in the puddling furnace. The latter is the- 
process generally adopted, and is termed cementation. It 
consists in burying bars of the best malleable iron in boxea 
containing charcoal powder, and strongly heating them for 
several days. Under these circumstances, the iron takea 
up about one 150th part of its weight of carbon, becoming 
harder and more elastic, but less malleable than before. 

9. The degree of hardness depends on the rate of cool- 
ing. Steel, if heated to redness and cooled slowly, becomes 
almost as soil and malleable as wrought-iron. This pro- 
cess is called annealing. 
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10. If cooled very suddenly, it becomes as hard and 
brittle as cast-iron ; in this state it is unfit for most uses» 
and is therefore subjected to another process termed tern- 
pering. The sort of temper attained, depends upon the 
degree of heat imparted ; for any portion of its original 
softness and malleability maybe restored, by reheating and 
slow cooling. 

11. The proper degree of heat maybe ascertained by 
the color assumed by the heated steel. Tools for working 
metals are heated to a pale yellow ; planes and knives to a 
darker yellow ; chisels and hatchets to a purplish yellow ; 
springs to a full purple. In each case the metal is allowed 
to cool slowly. 

12. The colors are owing to the different degrees of 
oxidation to which the steel is subjected. They may all 
be seen by heating a steel knitting needle in the flame of a 
lamp. Where the heat is greatest, the needle becomes 
blae or purple, shading off into pale yellow on either 
side. 

13. The toughness of wrought-iron depends chiefly 
on its fibrous character, but this toughness slowly disap- 
pears when the iron is subject to continued hammering 
or jarring, in consequence, it is believed, of the develop- 
ment of a crystalline structure, similar to that seen in cast- 
iron when broken. Accidents often happen through 
the breaking of axles and shafts, in which this change of 
structure has taken place. 

14. Wrought-iron becomes soft at a white heat, and in 
this- state two pieces may be united into one by hammering. 
This property, which adds greatly to the usefulness of iron, 
belongs to no other metal except platinum. The pro- 
cess is termed welding, 

15. Another distinguishing property of iron is its sus- 
ceptibility of magnetism. The loadstone itself, in which 
this power was first noticed, is an iron ore. 

Magnetism may be communicated to iron by contact with 
a loadstone or an artificial magnet, but immediately dis- 
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appean from Mft iron when the magnet is remoTed ; ttief, 
on the contrary, retains its magnetic power, and does not 
lose it until heated to redneu. 

16. In air absolutelfdrT, and ia water entirely free from 
air, iron nndergoes no change; but when boUi air and 
moisture act upon it together, it speedily nuts or oxidises. 

17. Protoxide of Iron, FeO=72; — ThisiHaverypower- 
fbl hate, completely neutraliztDg acids. It is almost unknowa 
in a separate state, from its great readiness to abeoib oxygen 
and pass into the sesqui-oside. The soluble compoaods 
which it makes with acids have generally a pale greeo 
colour, and a disagreeable metallic taste. 

18. Peroxide of Iron, FejOj=HjO;-Thi8 body, whichis 
a Bcsqui-oxide of iron, and is nearly the same as rust of iron, 
occurs native, and is known in mineralogy as spemdar iron 
ore, and as red or brown kamattte. It combines with acids, 
forming compounds nstially of a reddish color. 

19. Black Oxide of Iron, — When iron is heated to red- 
ness in the open air, it rapidly absorbs oxygen, and is 
converted into black scales. Snch scales may be seen 
flying off from a mass of red-hot iron as the blacksmith 
hammers it on his anvil. These scales, which have been 
termed by some, the black oxide of iron, and by others, the 
protoxide, are rather to be considered as a mixture of pro- 
toxide and peroxide, FeO+FejOa. As a natural product, 
it is knovm as the magnetic oxide of iron, or loadstone. 

Et.f. — Wind apiece of fine iron or sleel wire round a lesd pen- 
cil BO that it msy fonn a coll, fasten a bit of thread 
to the end, and dip it in Bulphur. Inflame the sul- 
phuT, and ImmerEB it while burning, into a jar o( 
OXjrgen, the wire will immediately begin to burn, and 
fly off in briUisnt sparhs. These sparks, if eiaoiined 
when cold, will be found very different from the 
metal from which they were formed, being bridle and 
vithont metallic lustre ; they are the black oxide ot 
irOD. The inside of the jar will heseen covered with 
■ red powder, tbia ia the peroxide of the metal. 
n»W. When perforiaing thii esperiment, some water Ot 
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wet sand should be placed at the bottom of the jar, in order to catch 
the melted particlesi which are so hot that they would otherwise crack 
the jar ; the jar, too, should be rather wide, lest the sparks should strike 
its side and produce the same result. 

Ex. g, — ^To distinguish iron from steel, Lti a drop of diluted nitric 
acid fidl upon the metal ; and after a few minutes, wash it off with 
water. If the metal be steel, a black spot will be left on it ; if it be 
iron, a whitish grey spot will remain. The acid dissolves the iron in 
both cases, but the carbon of the steel remains undissolved, and pro- 
duces the blackness. 

20. Chromixun derives its name from the Greek word 
yjZiSha^ chroma, color, on account of the beautiful color of 
many of its compounds, which are largely used both in 
painting and dyeing. 

It is a hard, greyish-white, brittle metal, and, like man- 
ganese and pure iron, very difficult to be fused. 

21. Chromium is found chiefly in chrome ironstone, a 
mineral somewhat abundant in the Shetland Isles and else- 
where, and consisting of oxide of iron and sesqui-oxide of 
chromium, FeO+CrjOs. It forms four compounds with 
oxygen, corresponding to the compounds of oxygen and 
iron. 

22. Protoxide of Chromium, CrO = 68.5 :— This is a 
powerful base, forming pale blue compounds with acids, 
and rapidly absorbing oxygen. 

23. Sesqui-oxide of Chromium, CrA = 153 :— This 
substance, which is of a fine green colour, and much used in 
painting on glass, porcelain, and enamel, may be obtained 
in the anhydrous state by heating bichromate of potassium, 
KtO,2Cr03, or rather KaCraO;, to redness. One half the 
acid is decomposed, oxygen gas being hberated, and sesqui- 
oxide of chromium remaining mixed with chromate of 
potass : the latter may be dissolved out by water, and the 
sesqui-oxide washed and dried. 

2(K,CrA) = 2(K2CrO0+30+CrA. 

M 2 
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24. Chromic acid, H.CrO* = 118.5.— When oxide of 
chromium is heated with an alkali ia the air, oxygen is 
absorbed^ and a chromate of the alkali formed. 

Chromic acid may be obtained nearly pure by mixing a 
cold saturated solution of bichromate of potassium with 
half as much again by measure of sulphuric acid. 

K,CrA+2H,S04-f H-O = 2KHS04+2HjCr04. 

Chromic acid acts upon and destroys vegetable colours, 
and is hence used to bleach tallow and palm oil previous to 
their manufacture into soap and candles. 

Its compounds are of considerable importance, and will 
be noticed under the head of chromates. 

25. Nickel was discovered in 1751. It is found (usu- 
ally combined with arsenic) in the Harz mountains, and 
some other places, and also in meteoric stones. The old 
German miners gave it the name of kupfer-nikel, thinking 
it a kind oi false copper ore. 

26. Nickel is white, brilliant, ductile, and malleable, and 
strongly magnetic. Its principal use in the arts is for the 
preparation of the alloy termed German silver, which is a 
mixture of 100 parts of copper, 60 of zinc, and 40 of 
nickel. This alloy is very mdleable, and will take a high 
polish. 

27. Cobalt is a metal of a reddish grey color, hard, 
brittle, and fused with difficulty ; it is also strongly mag- 
netic. It greatly resembles nickel, with which metal and 
arsenic it is generally associated. 

28. Oxide of Cobalt, CoO==75 : — This substance imparts 
a magnificent blue color to glass : the pigment called smalt 
consists of glass so colored and ground to powder. Zaffire 
and cobalt- ultramarine are likewise preparations of cobalt. 

Mx. h. — Perform experiment e as described under manganese, using 
oxide of cobalt instead of tliat metal, and the result will be a beautilid 
blue glass. 
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29. Zinc is a somewhat abundant metal, of a bluish white 
color ; and brittle at ordinary temperatures. At a heat, how- 
ever, somewhat above that of boiling water (250° — 300°), it 
is malleable and ductile, and hence it is now used for nume- 
rous purposes instead of lead. At a higher temperature it 
again becomes brittle, so that at 400° it may be reduced 
to powder. At 773° it fuses, and crystallizes if cooled 
slowly ; at a red heat it boils and goes off in vapor. 

30. The most valuable of the ores of zinc are the 
native carbonate or lapi8 calaminaris, and the sulphuret or 
hlende ; they are found associated with lead ores in Great 
Britain and other parts of the world. 

31. Zinc is obtained by placing the carbonate or sulphu- 
ret of the metal (the latter previously roasted to expel the 
sulphur) into a large earthen retort, with one-fifth its 
weight of charcoal 3 this mixture being raised to a red 
heat, the ore is decomposed, the charcoal combining with 
the oxygen, escapes into the air, while the reduced metal 
distils over as a vapor, and is condensed into the metallic 
state in a vessel of water, into which the tube of the retort 
is immersed. 

32. Zinc is now used for many articles formerly made 
of copper, lead, or iron, as it is cheaper than copper, harder 
and lighter than lead, and less liable than iron to be in- 
jured by air and water. It is sometimes used as a coating 
to protect iron chains, &c., from rusting. This coating is 
produced by plunging the iron, previously made perfectly 
clean, into melted zinc, which forms an alloy on its surface. 
Iron 80 covered has been called, but without reason, Gal^ 
vanizedlron. 

Zinc is extensively employed in the arts, in combination 
with copper, with which it forms the well-known alloys, 
brass, mosaic gold, pinchbeck, &c. 

33. Oxide of Zinc, ZnO»81: — Zinc soon tarnishes 
when exposed to moist air, becoming covered with a thin^ 
film of oxide, that resists further change. 
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When the metal is raised to a red heat, in contact ^th 
the air, it takes fire and hams with a whitish green flame, 
heing converted into oxide of zinc, which escapes in dense 
white fumes, that finally settle into a wool-like suhstance, 
called by the old chemists Philosopher's wool, 

34. The onde of zinc may also be prepared by heating 
the carbonate of the metal to redness, or by adding caustic 
potass to a solution of any salt of zinc, such as the sul- 
phate; in the latter case, a hydrate of the oxide, ZnH^O,, 
will be precipitated, which is soluble in an excess of the 
alkali. 

35. Oxide of zinc is a white powder, inodorous, tasteless, 
insoluble in water, and infusible by heat. At a low red 
heat it becomes yellow, but recovers its whiteness on cool- 
ing. It has been proposed to use oxide of zinc as a 
paint instead of white lead (carbonate of lead), because it 
IS prepared with less danger to the health of the workmen, 
and retains its color better when exposed to a smoky 
atmosphere. 

Bae. i. — Melt some pieces of zinc in an iron ladle : drop the melted 
metal, little by little, into a pail of water : the hardened drops are 
called granulated MtinCf and may be removed and kept for making 
hydrogen and for other purposes. When all the metal has been 
poured away, turn the dross out of the ladle into the hottest part- of 
the fire. The metallic particles contained in it will burn, as above 
described, with a beautiful flame. 

Bx, A:.— Pat some zinc filings or turnings into a deflagrating spoon, 
together with a small piece of phosphorus, light the latter and plunge 
the spoon into a jar of oxygen ; the metal will bum, and give rise to 
dense white fumes of oxide of zinc, ZnO. 

Em, /.—-Hold a leaf of white Dutch metal (which is leaf zini) in 
the flame of a spirit lamp ; it will burn with a vivid flame. 

JSx, m. — Melt three or four pounds of zinc ; pour it into a erttcSble 
which has a small hole in the bottom, stopped with a plug of wood. 
"When the surface of the melted metal begins to congeal, pull cWit the 
plug by a string or wire, so that the still fluid inetal may escape^ fn(o 
a vessel placed beneath to receive it. Upon afterwards breaking the 
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cnast in the cracible, the iuier suiface will be found beantifnlly ciyi- 
tallized, the crystals being of a prismatic form and quite brilliaat. 
(To presenre the brilliancy, they i^ould be immediately yamiahed.) 

EXERCISES ON CHAPTER XXIII. 

1. Give the symbol, equlTalent, and leading properties of man- 

ganese. 

2. For what is the black oxide of manganese nsed^ 

3. GKve the symbol, &c. of iron. 

4. Describe the process of smelting iron ores* 

5. What is meant by the hot blast ? 

6 Describe the process for rendering cast-iron malleable. 

7. What is meant hj fagoting? 

8. How is steel made ? 

9. What is annealing ? 

10. What is meant by tempering steel ? 

11. How is the proper heat for tempering steel ascertained? 

12. To what are the colors on heated steel owing ? 

13. On what does the toughness of wrought-iron depend ? 

14. What is meant by welding ? 

15. What is load-stone ? How does iron act with regard to mag- 

netic influences P 

16. How is iron affected by dry airf 

17. Describe the protoxide of iron. 

18. State the properties of peroxide of iron. 

19. What is the black oxide of iron ? 

20. What is chromium ? and whence does it derive its nftme ? 

21. Where is chromium chiefly found ? 

22. What is protoxide of chromium ? 

23. How is the sesqui-oxide of ctaromiom prepared, afid fttf what is 

it used ? . 

24. Describe the preparation and properties of chromic add. 

25. When and where was nickel discoyered? Whence does it 

derive its name ? 

26. State the chief properties and uses of nickd. 

27. State the symbol and eharaeteiistics of cobalt* 

28. What are the properties of oxide of cobalt ? 

29. Give the symbol* equivalent, and leading properties of sine. 

30. Which are the principal ores of zinc? 

31. How is zinc obtained ? 

32. For what is zinc used ? 

33. How is oxide of zinc prepared ? 

34. How is the hydrated oude of zinc obtained^ '^ 
86. f6r what is oxide of sine used ? 
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CHAPTER XXIV. 

METALS WHOSE OXIDES FORM POWERFUL BASES^ 

amtimted. 

Group B — Precipitable/rom their solutions by sulphuretted 

hydrogen, 

COPPER, LEAD, BISKUTH, CADMIUM. 

Copper. Symbol Ca ; Combining weight 63.5. 
Lead. „ Pb; „ „ 207. 

BismnfL », Bi; ,y „ 210. 

Cadmiiun. ,, Gd; ,, 9, 112. 

1. Copper appears to have been one of the earliest 
metals employed by mankind, having been used for do- 
mestic utensils and weapons of war before the discovery 
of malleable iron. 

The ancients obtained very considerable quantities from 
the island of Cyprus (Kmt^o^, eupros), and this is supposed 
to be the origin of the name copper (cuprum). 

2. Copper is found native or in the metallic state, and 
also in various forms of combination. 

Native copper is found in abundance on the southern 
shores of Lake Superior. 

The most important of its ores are : — ^the yeUow copper 
ore or copper pyritesy which is a double sulphuret of copper 
and iron, CuS+FeS ; — the red ojrtd!^ or suboxide of copper,, 
frequently termed ruby copper^ Cu^O ;— and sub-carbonate 
of copper, or malachite, CuCOaiCuHsO,. 

3. Large quantities of the last two mentioned ores have 
been of late obtained from South Australia. The mines 
of Devonshire and Cornwall yield chiefly the yellow copper 



ofw, whicli ia slkipped to Swansea, in Soatli Walei, to be 

•melted there, on account of the greater abundance of fuel. 

** B7 this arrangement the veueli not only ctrrj the amiller qatnlilf 

of mateiial to the greater, bat load back irith coal for the nie of thft 

4. The smelting proceas is as follows. — ^Tbe ore ia first 
calcined, or roasted, in a re. 

Terberatory farnace.whereby 

the sulphur, &c. ia burnt 

out, going off in the form of 

sulphurous and sulphuric 

acida, while the copper and 

iron are both oxidized. The 

ore thus calcined is strongly 

heated with charcoal and 

sand. Metallic copper, Cu, ng.es, 

and carbonic oxide, CO, are 

formed from the oxide of copper, CuO, and the charcoal, 

C ; while the sand, SiO, unites with the oxide of iron, FeO, 

forming a silicate of iron, Fe,SiO., which floats as a 

slag on the surface of the molten metal. 

The routing and melting procesiKS must be alternateljr repeated 
aereral times before pure copper can be obtained. 

The formation of the slag with the oxide of iron, dependa on th» 
fact, thaC oxide of iron is not ao easily reduced to the metallic itate at 
oiide of copper. 

5. Copper is a tongh, sonorous metal, of a red color^ 
and nearly nine times as heavy as water. It is malleable 
both when hot and when cold, and may be reduced to thin 
leavea ; it ia also very ductile, and may be drawn into fine 
wire. It ia, moreover, the. most tenacious metal next to 
iron ; a wire ^th of an inch in diameter, being able to 
support 3021ba without breaking. 

Copper is softened by heaUng and quenching in water : 
the reverse of the effect produced on steel by snch treat- 
nent. 

6. In dry air copper oxidizea bnt slowly, gradnally bc- 
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quiring a brown tarnish, which connats of a mti^lj msftx^ 
ficial film of sub-oxide of copper, CojO. 

In moist air copper oxidizes much more rapidly, soon 
becoming covered with a green cnist whidi is a carbonate 
of copper. 

7. Protoxide or Black oxide of Copper, CaO = 79.5 : 
This substance, which is the base of the ordinary salts of 

copper, is prepared by heating copper to redness, with free 
access of air, or by decomposing the nitrate df copper by 
a red heat. It is a dense, bUick powder, insoluble in water 
and the fixed alkalies, but soluble in ammonia and acids. 
Heated with charcoal, or in contact with organic matter, 
it is reduced either to metallic copper or to the sub-oxide. 

8. Suboxide or Bed oxide of Copper, CusO » 143 : — 
This compound is frequently found in Cornwall in the form 
of beautiful transparent crystals of a fine red color. It forma 
colorless compounds with acids. The sub-oxide of copper 
communicates a red tint to glass, while that given by the 
protoxide is either green or blue. 

9. Sheet, or rolled copper, is used for sheathing ships, 
roofing buildings, making boilers, kettles, and other uten- 
ails, for which iron, on account of its more rapid oxidation* 
would be less suitable. 

Vegetable acids dissolve copper when cold, but not when hot ; hence 
copper vessels, if kept oUat^ are not dangerons for cooking, provfiied 
what is boiled in such vessels be not allowed to cool in them, but be 
instantly poured out. 

Sauces containing vinegar, preserved fruits, jellies, &c., should not 
be suffered to remain in copper vessels, as all the compounds of 
copper are poisonous. 

In case of poisoning by copper, the best antidotes are, first, an 
emetic, and afterwards, milk, wheat-flour, white of eggs, iron filings in 
gum water, sugar or any syrup. Vinegar must be specially avoided. 

A. a, — Hold a bright copper coin, by a pair of pincen,'iir theHttiS 
of a lamp : notice the changes of color, owing to the various degrees oC 
oxidation. If kept in the point of the flame for some time, it becomes 
covwed with black oxide, on siidden^ quendiing it in vratcr, thia oadde 
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ftO» off in black sealei, thewing the reddish brown color of the suh- 
oxide beneath. 

.fir. b, — ^Immerse a piece of clean iron or steel, as the blade 6{ a 
knife^ in a solution of sulphate of copper (blue vitriol), the surface will 
be speedfly covered with a thin film of metallic copper. By this 
means the presence of copper in preserves, pickles, ink, tea, &c., may 
be readily detected 

£x. e. — ^Bepeat Esp. g., chap, xlv. 

JSr. d. — Add a solution of caustic potass to a solution of sulphate 
(or nitrate) of copper, a blue precipitate of the hydrated oxide of 
copptf, CuHsO], will be thrown down; this, when heated, parts with 
the water, and is converted into the black protoxide, CuO. 

Ist. CUSO4+2KHO == K.SO^+CuH.O,. 
2nd. CuH.O, = HaO+CuO. 

10. Copper unites with several other metals to form 
alloys, the most important of which are the following : — 

Srass, which consists of different proportions of copper 
and zinc. 

Dutch Metal, which is a kind of brass beaten into 
thin leayes, and used instead of leaf-gold in imitation gild- 
ing and bronzing. 

Bronze, Bell Metftl, and Gun Metal, which are com^ 
pounds of copper knd tin in different propbrtions, with 
sometimes a little zinc. 

Mosaic gold, which is a kind of brass, consisting of 8 
parts copper and 1 zinc, with a little tin. 

German silver, which is composed of 2 parts copper, 
1 nickel, and 1 zinc. 

11. Lead is a soft, flexible, bluish-grey metal, easily 
scratched by the nail, and leaving a black streak upon 
paper. Its specific gravity is more than eleven times that 
of water (11.4). It is malleable and ductile, but not very 
tenacious, since a wire -^th of an inch in diameter breaks 
with a veeight of less than 801bs. 

12. At common temperatures and in dry air, lead tar- 
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nifthes slowly, bat in moist air it soon becomes coated nith 
a film of grey matter thought by some to be a suboxide^ 
Pb,0. 

13. Lead fases at about 612°, and if slowly cooled may 
be obtained in octohedral* crystals. It is not yolatiley 
for in close vessels^ it can be heated to whiteness, without 
subliming. 

If the metal be melted in contact with the air» it absorbs 
oxygen rapidly, and the surface becomes covered with 
dross, a mixture of metaUic lead and the protoxide, FbO. 

14. Lead occurs in nature under various mineral forms : 
of these, the most valuable and the most abundantly dif- 
fused is sulphuret of lead, or galena, PbS, which is found 
mostly in the older secondary rocks, and is the chief, if 
not the only source, of the lead of commerce. Galena often 
contains silver, and sometimes in such quantity as to render 
it worth separating. 

15. Metallic lead is obtained from galena, by exposing 
the crushed ore to a dull red heat in a reverberatory fur- 
nace, whereby the sulphuret, PbS, is oxidized by the heated 
air and converted partly into sulphate of lead, (PbSOf), and 
partly into oxide, (PbO), sulphurous acid gas, SOg, being 
given off. The temperature is then raised, whereupon the 
recently formed sulphate and oxide react upon the remaining 
sulphuret, producing sulphurous acid gas, SO^, and me- 
tallic lead, Pb. 

This decomposition may be shewn as follows : — 

Ist stage, 3PbS-f 100 = PbS04+2PbO+2SO,. 

9nA / PbSO^ +PbS = 2Pb +2S0«. 
^"^ »' |2PbO+PbS = 3Pb + SO,. 

16. The scoria (or slag) which float on the surface of the 
melted metal, consist of the earthy matter of the ore 
mixed with a considerable quantity of lead. They are 

* Ociohedral—eighUBvaft^ed. A solid enclosed by eight trian- 
gular surfaces is termed an octokedron, plural, ociohedra. 
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therefore, removed to another furnace and re-melted, 
whereby a farther portion of less pure metal is obtained. 

17. Protoxide of Lead, PbO =223:— This substance 
is obtained by exposing melted lead to a current of air, or 
by heating carbonate of lead (white lead) to redness, 
whereby the carbonic acid is driven off. 

If carefully prepared, and not allowed to fuse, it is of 
a pale yellow color, and is known under the name of MaS' 
neot* 

18. When moderately heated^ protoxide of lead becomes 
of a deep red color, but recovers its original yellow tint 
on cooling. 

At a strong red heat it fuses, and cools in the form of 
deep brick-red crystaUine scales, which are known by the 
name of LiVAar^tf. This substance when boiled with oil 
gives it a drying quality, and is therefore much used by 
painters. 

19. Deutoxide of Lead, or Red Lead, PbjO^, or 2FbO + 
FbO, : — This substance is made by heating the oxide of 
lead {massicot) in a current of air, so as to oxidize with- 
out fusing it. It is a brilliantly colored and extremely 
heavy powder, much used as a cheap red paint. 

20. Peroxide of Lead, Pb02 = 239: — This compound 
may be formed by the action of nitric acid on red lead. 
The red lead is decomposed into protoxide and peroxide ; 
the former unites with the acid, while the latter remains as 
an insoluble puce-colored powder. 

Pb,0^+4HN0, =2(Pb2NO,)H-2H,0+PbO,. 

21 • Lead placed in distilled water, free from air, re- 
mains unchanged ; but if air be present, the lead is 
gradually oxidized, and the protoxide so formed, being dis- 
solved by the water, renders the latter poisonous. By the 
action of the carbonic acid absorbed from the atmosphere 
by the water, the oxide of lead, so dissolved in it, is gra- 
dually converted into the carbonate, and precipitated. 
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The purer the water, the more certain the poisonous 
rain-water, or very soft waters, intended for drinking or for oooking 
purposes, should not flow through leaden pipes, or be kept ia leaden 
cisterns. 

22. A small proportion of sulpliaric acid or of sooie 
soluble sulphate or chloride in the water^ entirely prerents 
the corrosion of the lead. Hence spring water, w^ water, 
or river water, which generally contains such bodies, may 
be safely kept in leaden cisterns, because the sulphuric 
acid or the chlorine forms an insoluble compound which 
quickly encrusts the surfaces of the cistern and prevents 
any further action on the metal. 

No water should be used for cooking purposes out of new leaden 
cisterns, but time must be giyen, and the water left unchanged in 
order that the encrustation may be formed. This may be hastened, 
if necessary, by pouring a few drops of sulphuric acid into the water. 

Leaden cisterns should have toooden^ not leaden covers, for the 
vapor condensed on the inside of the leaden cover, being pure virater, 
would become contaminated with lead, as stated above. 

Ex. e. — Place some shavings of lead on ignited charcoal, and throw 
a stream of oxygen gas upon them from a bag, or bladder, the metal 
wUl burn with a beautiful blue flame. 

Ex, /.—Rub some peroxide of lead in a mortar vrith one-fiflh its 
weight of sulphur. If the mortar be hot, the two bodies wiU combine 
vrlth great rapidity and burst into flame. 

Ex, g. — ^Dissolve half-an-ounce of sugar of lead (acetate of lead) 
in water in a larger clear glass bottle ; add a few drops of nitric acid 
or vinegar, to remove any cloudiness, and hang a piece of zinc in the 
solution by a string fastened to the cork of the bottle. The zinc vrill 
soon appear covered with particles of pure lead. This arises fifom the 
greater afSnity of acetic acid for zinc than for lead. The zinc gradually 
displaces the lead from the acetate of lead, and the solution becomes 
acetate of zinc. 

If apiece of brass wire 
be twisted round the zinc 
as in the diagram, a still 
more beautiful effect is 
produced, theleadbranch- 
ing out in leaf-like scales, 
whence the experiment' 
has been named the lead- 
tree. The use of the brass 

Fig. 69. 





and additiontl came of decompotitioD, nimelrr 

I a metal generally found aa.ti.ye, but 
Bomelimes in union with arsenic, aulphuc', or oxygen. It 
IB aomenhat abundant in Saxony, Bohemia, and TraDsyl- 
Tania ; it is also met with in Cornwall and Cumberlaiid. 
The metal ia obtained from the rock which contains it, by 
simple heating in inclined tubea, for at a moderate tempera- 
tme the bismuth fuses and ruus down into vesaels placed 
to receive it. 

24. Bismuth has a reddiah-white color, and ie so brittle 
that it may be readily reduced to powder ; it fusea at 
497°, at a higher temperature it volatilizes and may be 
diatUled in cloae vessels. If a considerable quantity of 
the metal be melted, and allowed to cool gradually, it 
cryatallizes in beautiful and well-defined cubes. 

Bx. ft. — Perform Ex. a. Chap. liv., 
uiing tvo or three poundi of bismuth 
imtead of aulphar, the result will be 
the formation of crystals arranged as 
in the diagram, and presenting a line 
example of metallic cryatallization 

The chief use of bismuth is 
for the purpose of making fusi- 
ble alloys, atereotype plates, 
queen's metal, &c., and aa an 
ingredient in aolders. Fig. 70. 

See Experiment] b, and c. Chap, xiiii. 

25. Oxide of Bismuth, Bi,0, = 468 :— Bismuth oxi- 
dizes but slowly in the air at common temperatures, but 
when heated to whiteneaa it bums with a bluish flame, and 
ia converted into a yellow fusible powder, which ia the 
protoxide of the metal. 

Oiide of hismatb may likewise be obtained by disiolving hiimnlh in 
nitric acid, so as to form nitrate of bismuth, Bi3N0, + 5H,O 1 on di- 
luting the iolotion with water, decomposition takes place, and a snh- 
nitrate of bismuth, 2BiN04-l' H,0, is piecipitated as a yellowish- 
white powder ; it Ibis be heated to dull redness, the nitric acid ia 
eipelled, and oxide ol bismuth lemMni. 
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JSt. i — ^When beated on charcoal before the blow-pipe, bismuth looii 
fates and burns, coating the charcoal with a yellow oxide. If the 
globule of melted metal, be allowed to fall on the floor or into a 
pasteboard box, it will immediately divide into numerous smaller glo- 
bules, radiating in all directions, and each leaving a distinct yellow 
mark behind iu 

26. Cadmium is a white, malleable, and rather hard 
metal, discovered by Stromeyer in 1817, and found in 
small quantities associated with ores of zinc. It fuses at 
442°, and is volatile at a low red heat. It tarnishes but 
little in the air, but bums when heated to whiteness, form- 
ing Oxide of Cadmium, CdO=128. 

27* Neither the metal itself, nor its compounds are 
employed either in medicine or in the arts, except perhaps, 
the sulphuret, CdS, which has been introduced as a pig- 
ment under the name of cadmium yellow. Cadmium, like 
bismuth, is more readily dissolved by nitric, than by any 
other acid. 

EXERCISES ON CHAPTER XXIV. 

1. Whence is the name copper derived ? Give the symbol and 

combining equivalent of copper. 

2. How is copper found in nature ? 

3. Whither is the copper ore of Cornwall and Devonshire carried, 

and why ? 

4. How is metallic copper obtained from copper pyrites ? 

5. State the leading properties of copper. 

6. How is copper luffected by the air ? 

7. Describe protoxide of copper. 

8. Give an account of the suboxide of copper. 

9. For what purposes is copper employed ? 

10. Give the names and composition of the most important alloys 

of copper. 
.11. Give the symbol, and physical characteristics of lead. 

12. How is lead a£fected by the atmosphere? 

13. How is lead affected by increase of temperature? 

14. What is the chief source of metallic lead ? 

15. How is lead obtained from the ore ? > 

1 6. What is meant by drots, slag, or 8cori<t t , 

1 7. What is massicot, and how is it prepared ? . _ ■ 

18. What is litharge, and for what is it used? ■ • -~ 

19. What is red lead? 

20. How may peroxide of lead be obtained? '.'.« . . 
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SI. How is lead acted on by pure water ? 

22. "When may leaden dstems be used with safety ? 

23. Whence is bismuth obtained ? and by what process ? 

24. Name some of the leading properties and uses of bismuth. 

25. What is oxide of bismuth, and how may it be prepared ? 

26. What are the leading properties of cadmium ? 

27. To what uses has cadmium been applied ? 



CHAPTER XXV. 

METALS WHOSE OXIDES FORM WEAK BASES, OR ACIDS. 

THr, ABSEKIO, AlTTIMOinr, &c. 

Tin Symbol Sn; Combining weight 118. 

Arsenic ,, As ; ,, „ 75. 

Antimony ,, Sb; ,, „ 122. 

1. Tin (Latin, Stannum) is a comparatively soft and brittle 
metal, of a silvery-white color, emitting a peculiar odor 
when Tabbed, and producing a characteristic grating or 
crackling noise when bent ; this is probably due to the 
disturbance of its crystalline structure, and the destruction 
of cohesion among its particles. 

Tin is somewhat more ductile and tenacious than Iead> 
and so malleable, that it may be reduced into leaves {tin* 
foit) T^^ th of an inch in thickness. 

2. At ordinary temperatures tin is but slightly oxidized> 
even by the combined action of air and water ; but when 
heated beyond the fusing point (442*) it oxidizes rapidly, 
being gradually covered with a grey powder, which is the 
protoxide, SnO. If heated to whiteness in the air, the 
metal takes fire, and passes into the state of peroxide, 
SnOj ; if similarly heated in close vessels, it sublimes. 

Ex, a. — ^Let a globule of tin, melted to a white heat, be suffered to 
fall upon a sheet of paper ; it will break into smaller globules, and 
bnrst into a bright white flame. 



178 CHEMISTBY. 

3. Tin, though one of the metalB that were earliest 
known, occurs in hut few countries, principally. in..^e 
mountains of Saxony and Bohemia, the peninsula- of 
Malacca, the island of Banca, and more especially in Corn- 
wall. It was ohtained from the latter source by the Pbce- 
nicians at a very early period, and the south-west parts of 
Britain were termed hy the ancients the Cassitendes, or 
tin-islands. 

4. The principal ore of tin is the peroxide, SnO, ; this 
is often found associated with copper and zinc ores, in 
granite or slate rocks, and is known by tl^e name tinstone : 
sometimes it is found in the form of grains, or rounded 
masses, in alluvial soil, or in the beds of small rivers, in 
which case it is called stream-tin. The former, when re- 
duced to the metallic state, yields block- or bar-tin; the latter 
yields grain-tin, which is the purier of the two. 

5. The ores are reduced to the metallic state by two 
dififerent methods. In the tot and most common process, 
the roasted ore, mixed with charcoal or culm {coal-dust) 
and a little lime, is carefully heated to redness in a rever- 
faeratory furnace so as to fuse the tin, which is let off from 
time to time into an iron vessel, whence it is ladled into 
moulds so as to form large blocks. 

In the second method, which is only used for the finest 
ores or stream- tin, the ore is fused with charcoal in amall 
blast furnaces, and run off as before. 

6. The tin thus obtained has to be refined ; this is 
effected by remelting it in an iron vessel, and continually 
agitating the mass, either by raising some of it in a ladle, 
and letting it fall from a considerable height, or by 
plunging ' billets of green wood into it. The surface is 
skimmed from time to time to remove the impurities which 
collect upon it ; the metal is then left at rest awhi/e, in 
order that any heavier impurities may settle, after which 
the upper portion of the tin is ladled into granite, or 
cast-iron ' moulds, while the lower portion is remelted with. 
another charge of ore. 
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The tin thvs prepared is termed blotk»tm, and tiU .recently wu 
required to be marked or coined with the stamp of the Duchy oC 
Cornwall ; for a duty is paid to the officers of the Prince of Wales, 
as Duke of Cornwall, on all tin raised in that county. 

7. Peroxideof Tin, SnO2=l60. — This is readily pro- 
cured by placing metallic tin in slightly diluted nitric acid. 
Violent action takes place, the acid is decomposed, yielding 
a portion of its oxygen to the tin, and passing off aa^ 
nitric oxide, which produces the usual red fumes in con-!^ 
tact with the air. 

3Sn-f 4HN0,^ 3SnO, + 2H,0+4NO. 

In general {as shewn in Chap, VIIL § 14) a metal when 
oxidized by the decomposition of nitric acid> unites with 
anotiier portion of the acid to form a nitrate ; not so with, 
tin, for each atom of this metal takes two atoms of axy-*; 
gen from the acid, and forms a white powder, which is a 
hydrated peroxide, insoluble in acids. If, however, an 
alkali be added to a solution of perchloride of tin, a white, 
hydrated peroxide is precipitated, which is freely soluble 
in acids; Both hydrates, when moi&tened, act as acids in 
reddening litmas paper. 

The former of these compounds is called Metastannio 
Acid, the latter. Stannic Acid, H^SnO^. 

Btannate of Sodium, NajSnOs, is much used by dyers and calico 
printers as a mordant, under the name of tin-prepare-liqttor, 

8. When exposed to a red heat, the hydrated peroxide of 
tin prepared by either method becomes anhydrous, and is 
of a straw colour : in this state it is employed by jewellers 
for polishing, under the name of puity-pmjoder. When 
melted with glass it renders it white and opaque, as in the 
enamel used for the faces of clocks and watches. 

£pe, b, — Keep metallic tin in a state of fusion, and take off the 
dross or oxide as it forms upon the surface. This dross ground up 
and washed in water to separate any metallic particles, is the 
peroxide of tin. Throwing occasionally a little nitre into the crucible 
will materially facilitate the formation of peroxide. 
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9. ^n being little affected by air and moistare, is used 
for coating tacks, pins, wire, and sheets of iron and copper 
for cooking utensils. 

Saucepans, &c., are made of tinned plate, that is, iron 
coated with tin ; this is effected by dipping well-cleaned 
sheet-iron into melted tin. 

Ex, e, — ^FiU a tinned copper ressel with alternate layers of bnsa 
pins, and plates of tin. Cover the whole with a saturated solution 
of cream of tartar in hot water, and let it boil for fiye or six 
hours ; when cold, the pins will be found completely coated with 
tin. 

JEx. d, — Clean a slip of copper from all impurities, rub it oyer with 
a solution of chloride of ammonium (sal ammoniac)* Then heat the 
slip, and immediately rub it over with tallow — now heat it again, and 
once more rub it over with a piece of tin. This metal will immediately 
combine with the surface, giving it a silvery coat. The object of the- 
tallow is to prevent oxidation, so that the surface of each metal may 
continue bright and clean, and not be affected by contact with the 
air, which would rapidly be the case, at the temperature to which it 
is raised without this precaution. 

Ex, e.-^Add a few drops of diluted protochloride of tin to a solutioa 
of the perchloride of gold — ^a purple powder will be thrown down» 
This powder is used in enamel painting, and for tinging glass of a 
fine red color ; it is a compound of peroxide of tin and oxide of gold,, 
and is termed purple of Cassitu. 

10. Copper and tin form the well-known and highly 
useful alloys, bell-metal and bronze. 

An amalgam of tin and mercury is used for the backs of 
looking-glasses. 

Common pewter is a mixture of tin and lead. Britannia 
metal, and the best pewter, are tin hardened by a little anti- 
mony. 

1 1 . Arsenic is a brilliant, brittle, steel-grey metal, some- 
times found natiye,but generally in combination with sulphur 
or oxygen, and associated with iron, nickel, cobalt, lead or 
silver ores. From these it is separated by heat in a reverbe- 
ratory furnace. The arsenic combines with oxygen, and is 
carried off in fumes of Arsenious acid, AsjOj, which are con- 



AB8BNIC. 181 

densed in suitable chambers or flues. On beating this 
arseniottsacid with charcoal, it parts with its oxygen to the 
carbon, and the arsenic is reduced to the metallic form. 

12. Arsenic, when raised to about 360^ goes off in 
vapor without fusing 3 this vapor has the odor of garlic, 
4ind if air be excluded, it readily condenses again in small 
metallic crystals. It can be fused by heating it in a 
closed tube under the pressure of its own vapor. When 
heated in the air it easily takes fire, burning with a blue 
flame, and producing poisonous fumes of white oxide. 

13. Arsenious Anhydride, As,Os = 198. — This sub- 
stance, which is the common white arsenic of commerce, 
is a well-known and most deadly poison. * It may be ob- 
tained either by the actual combustion of the metal, or by 
sublimation from the various metallic ores which contain 
it, as already stated. 

14. Arsenious anhydride, or white arsenic, is a heavy 
white powder, of a sweetish taste, somewhat soluble in water; 
the solution is true Arsenious Acid, H3A8O3. Though sweet 
It is termed an acid, from its property of neutralizing alka- 
lies and combining with bases, forming compounds termed 
arsenites. Notwithstanding its highly dangerous properties, 
arsenious acid is much used in dyeing and glass-making, and 
for agricultural purposes. It prevents the decay of orga- 
fiized substances, hence it is used to preserve timber from 
dry-rot, and to prepare the skins of animals and birds 
4>efore they are stuffed. 

15. The best antidote to arsenious acid is iron-rust 
^ydrated sesquioxide of iron, FeaOs+SHO), which forms 
with it a perfectly insoluble compound, that has no poison- 
4)U8 influence. In cases of poisoning by arsenic, — milk, 
white of eggs, sugar, or soap suds, should be swallowed 
immediately, and medical assistance procured as speedily 
as possible. 

16. Arsenic Anhydride, AsjOg » 230.— This substance 
is found in nature associated with various metallic oxides. 
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It'-maybe formed'irtificudlj byoxidmng anenioHs add 
%j mean^of a heated tnittore of Bitncand hydvoehlorie 
acids, anderaporatiiig the- solation to drynesa. - A white 
a&hjrditNM'^ powder ia obteined, alowly.aokible in water» 
giTiog a h^ily add aolutkoi of • Arseaic Acid^HjAsO^. 

' 17. Anenic tctj iniieh reaembka phoaphoras in the 
"characten of tte compounds. Both elemente : unite with 
oxygen, forming similar acids ; these agadn unite with 
iother-' bodies^ producing compounds perfectly resembling 
each other in extemai' appearance and-crysta&ine form.* 

' 18. Arsenic also *nmtes 'with three equivalente of hy- 
drogen to' form Arsenhffettad Hydrogen, AsH„ a highly 
poisonous gas analogous to phosphuretted hydrogen, PHs, 
already described. 

19. There are two compounds of sulphur * and araenic 
found in nature, and capable of being prepared artificially, 
Tiz.— 

I (1.) Bisulphuzet of Arsenic, Bealgar^ AsjS, which is 
pbtained.by fusing arsenic or arsenioiis acid with a small 
(proportion of . sulphur. It is used in dyeing, and for pro- 
ixxcmg white fire in fireworks. 

: i . (22> Sersolplninsti of Aneniev Orpment^ AsjSs, made by 
.fasiBg.turaeBiotttf Aaid wiUi! escess 0f;aulph«r4. aiid some- 
itunea ased^ast a .ibeautifnl : yeltow pigment^ teimed <\King'* 
.{jfellow. 

JBtf./.— Place a yery small quantity of white ibfSSiiid Sit: tbe-tiettDm 
40f A .diy test tube, and heat it a^owly over a lamp* Yapora of. ane- 
'^nioua add will arise And condense in hxiXilBnt'oetohedrai crystals; the 
^gujlur triangular (tees of which may.be obsenred with a ntagnfl^g 
■glass. 

1^ Eg, jr.--^]Mm'a gUnttalM^'liatiag^ balb at th^ end) or draw out a 

ilMI«tab»in the Haiiie d€ a lamp so that ^t lower part may aerro as a 

■MHiijiPlaciein^hehiilb a few particles of white arsenic mixed with 

some cyanide of potassium, or with a little charcoal and dried carbonate 

ef sodium; on heating the mixture, the arsenious acid will part with its 

f*'^* Bodtes tinu dosdy resembling each other are termed igomorph- 
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doBM in a btiiliut ring on the jiairon part of the tube above the bnlbi 
Ex. h. — ThemiIj<Hiiiiig diagram repreaeati Dr. Haiih't ipparatu 
for toting the presence of anenic. A few piecea of 
pare zinc are placed in the bulb below the atop-cock, 
and the tDlDllon BDppoeed to contaiu arsenic (pre- 
Tionaty mixed with pure latphnric add) ia ponied in at 
the mouth of the apparatni. Hjdrogen ga la fCFrmed ' 

(Chapi y. f 11), which combinee with ths anenic, 
forming anenioietted hydrogen, AsHj. 

AbiOi+12H = SH,0+2A8H). 

The gm accomulating in Ihe shorter limb, Foreei 
the liquid past the zinc into the longer tube, and the 
acUon ceases, When the stopcQck is opened, the gas 
is forced ont bjr Hie preunre, and if ignited bums with ' _[ „ 
a white flame, producing fumes of arsenioui acid ; but 
if a cold body, such as a piece of glass, earthenware, or poipelain, be 
Itdd over the jet Of burning ^, thin films of meliBiD anenic will be 
deposited in tim form of brilliant rings. 

- Sc.i. — I>issoiTe's<nne arsenious acid, byboiliiigil witb afew drops of 
krdmchlorie add,aDd jtasi through 
the solution a little sulphuretted 
hrdrogeu. Thesulphur gf thegas 
combines with the melal of lbs 
inCoious atid, funning a bright 
jellow precipitate of orpiment 
(XiBf'^ yilloa), AsA, while the 
kjdrogen comblnu with the libe- . 
rated: oxygen to form water, 
-...a(H,AsO)) + 3II,S = 
AhSs + 8HiO. 

The rellaw precipitate is soluble 
in ammonia, and maj be repiecipitsted bj acids. 

Kr. i. — Drop a solution of nitrate of ajlierinto a lolutlnn of arse- 
niooi add in distilled water. Ho precipitate is thrown down, nitrie 
acid haling a stronger affinity for oxide of siWer than arseniooa add 
has. If a litilc potass or ammonia be now added, it combines with the 
nitric acid, and fonns bitiate of potassium, or ammonium, which re- 
MuAt ia solution ; while the anenions acid combimng with the oiid* 
of ailTer, forma a jellon-colotiTed predpi late— the arsenite of lilTer, 
.^&aO„ tboi :— 

6AgN0i 4- SK,AiOt + 3K,0 = 6KN0, -i- 3Ag,AiO, + 3H,0. 
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Em. L — ^Use tnlphate of copper instead of nitrate of silver in the 
preceding experiment, and the result will be a green precipitate of 
anenite of copper, (Sehed^s green,) CnHAsOs, thus :— 

CaS04-i- H,AiO, + 2NH, = CaHA803+ (NH^jSOf 

Em. m, — Mix together six parts of saltpetre, two of sulphur, and one 
of realgar or orpiment. Touch the mixture with a red'-hot wire^ it 
will bum with a Tivid white light {Bengal light). 

Eg. n. — TIux>w a few grains of powdered metallic arsenic into a 
red-hot crucible, it will burst into a bright flame. 

All experiments in which vapors of arsenic arise should be performed 
out of doors, or on the hob by the side of the fire, so that the dranght 
of air up the chinmey may carry them away. 

20. Antimony is a brilliant metal, of a bluish-white color, 
extremely brittle, and possessing a crystalline stracture. 
It is nearly seven times heavier than water (6.7). 

2K Antimony fuses at 800% and may be slowly volati- 
lized at a white heat, out of contact with the air. 

It remains unacted upon by the air at ordinary tempe- 
ratures, but is rapidly oxidized when exposed to it in a 
state of fusion. 

£x, 0. — Perform Ex, e. Chap, xxiii. with antimony instead of zinc, 
the combustion wiH be very vivid, and a white smoke of oxide of 
antimony, SbsOa, will be given off. 

Ex. p. — ^Reduce some antimony to powder, 
and heat it to about 80<*, then pour it into a 
jar, of chlorine. The metal will ignite spon- 
taneously, burning with a white flame, and giving 
rise to chloride of antimony, Sbds. 

22. Native antimony is found in 
France, Germany, and Sweden, but the 
metal is chiefly obtained from the sul- 
phuret, SbjS,, which occurs in the moun- 
^- ^ tains of Auvergne, in the Hartz moun- 

tains, at Schemnitz in Hungary, and in the south-west of 
Cornwall. 

23. Metallic antimony may be obtained from the aul- 
phorety by simple fusion vnth iron, in earthen crucibleSo 
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The iron, having a greater affinity for sulphur than anti- 
mony has, unites with it, forming sulphuret of iron, which 
floats as a slag, while the heavier antimony settles to the 
hottom of the crucible. 

24. Oxide of Antimony, Sb,0, = 292, has been already 
referred to as the product formed by fusing metallic anti- 
mony in a current of air. An impure oxide, formerly 
called glass of antimony, is obtained by roasting the sul- 
phuret in a reverberatory furnace, till all the sulphur is 
«zpelled. 

25. When oxide of antimony is boiled with a solution of 
tartrate of potass {cream of tartar), a compound of tar- 
taric acid,* potass, and antimony is iformed, which readily 
crystallizes on evaporation. 

This compound is known in medicine as tartar emetic, 
and is a tartrate of potass and antimony, K,SbO^C4H406. 

26. If oxide of antimony be heated in a crucible, open 
to the air, it combines with more oxygen, forming a greyish- 
white, infusible powder^ insoluble in water or acids, but 
capable of uniting with alkalies and forming solutions^ 
from which acids precipitate Antimonious Acid, HiSbsOs. 
The white powder is Antimonious Anhydride, Sba04= 308. 

27. When metallic antimony is added to hot nitric acid, 
the acid is decomposed, as in the case of tin, § 7, and an 
insoluble, pale yellow powder is formed, which is the highest 
oxide of antimony, and is termed Antimonic Anhydride, 
SbA = 824. 

28. Sulphuret of Antimony, Sb^S, = 340.— This com- 
pound, which is often found native, is a brittle, crystaUine 
substance of a leaden-grey color, and very fusible. When 
artificially prepared, (as it may be, by adding sulphuretted 
hydrogen or sulphuret of ammonium to a solution of tartar- 
emetic or other soluble compound of antimony,) it is pre- 
cipitated of an orange-yellow colour, but darkens on drying, 

* The formula for tartaric acid or T', is H2,C4H406. 
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iBlid'W&eii heated luuniiiies the color and iuppearaiice of the 
tiatire stdphnret. 

'Aiitimony/likriiiiieme^ forms a gaseoim compound inritb 
hydrogen. 

29. 'Besideft^to 006 in medicine, anthnonyis employed 
in the composStion of sereral tisefal alloyr/Buch as, — 

Queen's metal, 9 tin, I antimony, 1 Insmuth, 1 lead. 
Metal for printers' types, '20 lead, 4 antimony. 

„ music plates, 2 lead, 1 antimony. 

„ stereotype plates, 9 lead, 2 antimony, 1 hismuth. 

• ' The latter alldf expands in cooling, the monld is tberefbre entirely 
flUild ivhevUe metal is cdM, imd np bitemiih is found ib tbe latteis. 
' ' Tha anlknooj adao -givas a hurdneis to Ihe lead, without which the 
type would speedily be worn oat under the pressure. jof jthe printing 
press. 

E»»p*'^^Pied^na'Ex.'wn» using 'solphiiret lof anAhnoiigr anstaad of 
sulphuret of arsenic ;[ a similar white light will be the result. This 
Ivtfae nfiktott emjiloyed in making tbe hh^Mghh naed at sea. 

JE9: ^.— Heiieat JSf. A., lifting; tartar-einetic instead of arsenic ; Uack 
rlifgs of' metallic antimony will be deposited, but thi^'wil]:i>e darker 
^thawihoaa ofazaenic.. They may also be dittingtdslied from. them br 
diqpping.on eadi a solution of *' chloride of lime^"-('^ypodilorita of 
calcium) ; if nrsenic, the viags will disappear p>ii antimonf^ they wul 
remain unchanged. 

« ' * ^ 

' EXEltCISSS ON CHAPTER XXV 

" 1 . ' State the properties of tin. 

. . ' 2; I|ow is tin affbcted by heat, air, and moisture ? 

3. From what countries is tin obtained ? 

4. In what forms is tin generally found ? 

5. How is tin reduced from its ores ? 

6. HoW is tin refined ? 

7i.' How ispcnxide oi i\a procured ? 

&i ^What are the propcrtiea and uses of peroxide «f tin ? 

9* Foe what purposes is tin employed? 
10. WUch are the principal alloys of tin ? 
li. What is arsenic, and whence is it obtained ? 
< 12: <■ How is afsenie aJTeefeed by heat ? 

13. What is common arsenic^ and how is it prepared ? 

14. What is arsenious acid, and for what is it employed^ 
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15. What is the bMt «iitiA»te-ia «Mes ol poiiDMBg by wiesie } 

16. Deacabt arsenic acid, 

17. How is arsenic shewn to he isomorphous with phosphorus ? 

18. What isarseniurettedhydfogen? 

19- Desoibe the chieC sulphurets of arsenic. 

20. What are the physical characteristics of antimony } 

21. How is antimony affected hy heat and air ? 

22. Whence is antimdny obtained ? 

23. How may metallic antimMiy he procured ? 

24. How ia oxide oiaotioioBy prepared ? 

25. What is tartar-dnetic ? 

26. What is antimonious acid ? 

>;27w How may amtimonto add be prepared? 
^{f^.Desoribe thesulphuret of antimony. 
i9U State some of the uses of antimony. 
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METALS WHOSB.%OXLDBS ABE REDUCIBLE BY HEAIT 

ALONE. 

' -uBBcinrT^'fiXAtiB; qkxc^' vLiTmau, sto. 

. Kercniy, Symbol.U^. \ Combining weight 200. 

SHver, „ Ag. , „ „ 108, 

Gold, „ Au. „ „ 190. 

^ Platmnm,. „. Ft. , „ „ 197. 

. 1. Hercury'or Quicksilvdr, (Ladu, ^Bydrargyrwnt whence- 
ibe symbol Hg.) is aometimea found in the metallic state,. 
dtfuaedSaismailiglobukB Ihrougli tbe rocks which contain 
its ores/br'aeetttQiilated in eracksi and crevices. .It is, how- 
eyer, chiefly obtained from the^snlphuret, {(nnmbarrV&t^ 
rnxUin^ HgS^.bysttblimatioa yfithlime or iron filings in 
iron retorts. 

2« The principal mines from yrhich mercury is extracted' 
axe at Almaden in Spain, Idria in Austria, in the German^ 
states <Ni<"the Rhine, (formerly known as the Palatinate)^ 
and in Peru. 
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It IB also found somewhat abundantly in Boliemia, 
Hungary^ Sweden, China, Japan, Mexico, and Chili. 

3. Mercury has a silvery-white color, and a brilliant 
lustre ; it is distinguished from all other metals by being 

liquid at ordinary temperatures. When cooled to — 39° F., 
(or 71 degrees below the freezing point of water,) it solidifies, 

.and is then soft, malleable, and ductile. At a still lower 

temperature, however, it becomes brittle. It is about 13 j- 

times as heavy as water, (sp. grav. 13.56). 

4. Mercury emits vapors at all temperatures above its 
freezing point ( — 39" F.), but they are scarcely perceptible 
till the heat rises to 68"* or 70^ At 660*" mercury boils, 
giving off a transparent, colorless vapor, which readily 
condenses on cooling. 

Eg, a. — Pound some vermilion, HgS, mix with it an equal weight 
of charcoal powder ; place this mixed powder in an earthenware retort, 
And submit it to a red heat. The metal will sublime, and run down 
the neck of the retort into any vessel placed to receive it. 

5. Pure mercury is quite unaltered in the air, at common 
temperatures ^ but when heated to near its boiling point, and 
exposed to the action of air, it absorbs oxygen, and be- 
comes changed into a dark red, crystalline powder, which 
is the red or |}er-oxide of mercury. 

'' Nitric acid dissolves mercury, yet not so readily as it does the metals 
tin, lead, and zinc, with which mercury is often contaminated, either 
naturally, accidentally, or for the purpose of adulteration. To re- 
move these, the impure mercury may be placed in a phial along with 
a small quantity of nitric acid, and shaken up ; this acid will imme- 
diately attack the solid metals. When they are dissolved, the solution 
may be poured off, and the mercury washed in water to remove any 
adherent acid, it will then be quite pure." — Fronds, 

6. Mercury forms two compounds with oxygen, viz. a 
suboxide (or protoxide) and an oxide (or peroxide). 

The combining weight of mercury is given differently by different 
chemists, some thinking it 100, others 200, hence the preciae nomen- 
clature and combining weights of its compounds are somewhat on* 
settled. 
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7. Suboiide of Meroury, or grey oxide, HgjO=416. — 
lis is a dark- grey or nearly black powder, yery heavy* 
and inBoluble in water, but uniting with acids to form salts. 
It may be obtained by adding potass, soda, or lime-water 
to a sub-salt of mercury, such as the sub-nitrate (or proto* 
nitrate) HgNO,, or the subchloride {calomel), HgCL 
Thus — 

(K,0 ) r2KN0, ) 
2HgN03+ < Na,0 \ = { 2NaN03 \ +Hg,0. 
(CaO j (Ca2N0, j 



8. (taddo of Mercury, or red oxide, H;gO==216. Thin 
substance has been already mentioned as a dark-red, crys- 
talline powder, produced by the action of the air on heated 
mercury. It has a yellow tint when finely pulverized, and 
if the temperature be slightly raised, it turns black, becom- 
ing red again on cooling. The red oxide of mercury may 
also be obtained by carefully heating the nitrate, Hg2N08, 
80 as to expel the nitric acid ; or by adding potass, soda, 
or lime-water to a solution of the chloride {eorrome aublu^ 
mate), HgCl^* In the latter case the precipitate is of a 
yellow color, being in a state of minute division. If 
strongly heated, the red oxide of mercury is decomposed 
into oxygen and metallic mercury, which will go over in 
vapor, as shewn in Chap. IV. § 4. 

In this way the presence of impurities, as red-lead, brick-dust, &e.^ 
maj be detected, for they will remain in the retort or flask. 

9. Snlphuret of Mercury, HgS=232.— This substance 
is found native ; it is the most common ore of mercury, and 
known as cinnabar, or vermilion. It may be artificially 
prepared by subliming a mixture of six parts of mercury 
and one of sulphur, and afterwards reducing the mass ob- 
tained to a fine powder. Vermilion is inodorous, tasteless,, 
and insoluble. It is unaltered by exposure to the air or 
moiBtnre, but when heated to dull redness, it is resolved 
into vapor of mercury and sulphurous acid gas, SO,. 

Ejt. &— Rab together in a mortar three parts of sulphur and one of 
mercury. The lustre of the one, and the yellow color of the other^ 
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•win diiappear, the wliole being oonvetted into a Utek powder, wttch 
wn Ibrmerly called JK/Atofw n^ineral; and ia {irobablya miztoieol 
4h6 iulplwret of mercury with additional sulphur, 

10. Mercury xb extenuYelyiued in the manufiftctnre of 
barometers and thfennometers, hIso for ^ silvering " mir- 
rors. In the hitter case an amalgam of tin is employed ; 
an amalgam of silver is sometimes used by dentists for 
filling up hollow teeth. 

JESr. c. — ^Melt two ounces of bismuth and two ounces of lead in 
separate crucibles, pour them into separate Tcssels, containing an 
ounce of mereury in each ; when cold, these alloys will be in a solid 
state ; but if they |^ ndibed against «ao)i other, they will instantly 
beoone liquid. 

Sx. if.«-Place a little gold-leaf in tke^dm of the hand, and pour 
upon it a globule of mercury. The Utter wiU be seen to absorb, or 
combine with the gold, forming a more or less fluid and yellow amal- 
gam,, according to the proportion of the two metals. This amalgam 
is used in lifater gilding. The affinity of mercury for gold and sUTer 
is so strong, that persons who are foolish enough to clean their watch 
•cases with mercury, or one of its salts, will find them totally spoiled ; 
the jsame* holds good with lespect to plated articles deaned by a com- 
posity)n, sold about the streets, made of the nitrate of mercury, ground 
up with whitening. Etcu those who are obliged to take much cdo- 
mel, or other medicines containing mercury, should abstain from wear- 
ing any gold articles, or carrying gold money, as the mercury sometimes 
oozes, through the pores •f the skin, and attaches itself to the gold, 
rendering it so brittle, that it may often, when thus eontaminated, be 
broken in two. The best way of restoring noney thus spoiled is, to 
lieat il red-hot in a crucible, or ladle. 

Ex^.e. — Add five parts of mercury to two parts of melted zinc and 
one of tin, an amalgam will be formed such as is used foi^ the cushions 
or rubbers of electrical machines. The tin may be omitted. 

.11. Silver, (Latin, Argentum, whence the aymbol Ag,) 
is the whitest of the metals ; it has a very brilliant lustre, 
and will take a very high polish. It is, when pure, soft 
enough to be cut with a knife, being thus softer Chan cop- 
per, and harder than gold. It is about 10|- times us heavy 
as water ; its specific gravity being 10.4 when cast, and 
10.5 to 10.6 when stamped or roli^. 
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12. Silver 18 exceedingly iniil]fia|;>k and .ductile, for it 
may be extended into leaves less than -nriinf^^ ^^ ^^ ^^^ 
in Uiicknes8,and a single grain may be drawn into a wire 400 
feet long. Only three metals, yiz. irpn, copper^ and plati- 
Huni, snrpass it in tenacity, a wire -^th of an inch ' in 
diameter being able to support ISflbi^. without breaking. / 

13. Silver does not rust or oxidize by exposure to the 
air or moisture ; bat when the atmosphere contains sulphu- 
reons vapors, or sidphuretted hydrogen, HS, the metal 
speec^y tarnishes, owing to its affinity for sulphur, becom- 
ing first. yellow and Anally black. 

Ex. e.— See Bx, o^ Glwp. XIY; • - . . 

14. Silver fuses at about 18^3? -Eahr., and during ^& 
state of fusion, absorbs .considerable qvautiiies. of. oxygen 
froin the air, 1ai^^>t^par^tf ttfzl^ d^am o»iC<K)^m^. S. 

When very strongly ksated in a blastfurnace^ silveii riflesi 
in vapor; and^whlen afitroog .ekctoib current is. made ta 
pass through some Jeaf-silver. or a<fine silver wire, the niuetal 
burns with .a greenish, flame.: , . 

15. Silver, it Jias been already stated, doe» not .oxidize 
when heated «lone, but if heated with: sidicinasmaitteii, such 
as g^aB8j:porcelain^&c^it combines witb.oxygen, and forms 
sn oxide of silver, 2Ag20, that immediately unites with 
the silicic acid or silica, SiO^, forming a yellow silicate of 
silver, Ag4Si04. 

16. Oxide of Silver, Ag^O ^ 232.«^T1h8 o<xide is em- 
ployed in glass, porcelain, or enamel painting, to produce ' 
a rich yellow tint ; it is also the base of all the common 
^alU of silver. One of the most oharaoteristio features of 
these compounds, ds their property of darkening byespo- 
sure to light, whence tkeiruse «iu- all branches of Phofk)^ 
graphy. 

If caustic |iota»8,'KHO» the added to a solution of m-v 
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trate of silver, AgNOa, a hydrated oxide of silver will be 
precipitated. 

AgNO,+KHO = KNO,+AgHO. 

17* Silver is sometimes found in the native state, sorne^ 
times alloyed with other metals, but chiefly in combinatioa 
with sulphur or chlorine. The principal silver mines are 
to be found at Konigsberg in Norway, among the Hartz 
mountains in Germany, and among the Andes of Mezica 
and Peru. 

18. Metallic silver may be obtained from the aulphuret 
or chloride by the process of amalgamation. The powdered 
sulphuret is mixed with common salt (chloride of sodium), 
and roasted at a low red-heat in order to convert it into 
the chloride. The mixture thus formed, or the native 
chloride, (if that ore be employed,) is then crushed and 
agitated for some time with mercury, water, and scraps of 
iron, by which means the chloride of silver is decomposed ; 
the protochloride of iron formed is dissolved by the vrater, 
while the mercury combines with the reduced silver, (as 
well as with any gold, copper, or lead, that may be present,) 
to form an amalgam. This amalgam is then pressed in 
woollen bags to remove any uncombined mercury, and 
heated in an iron retort, whereby the mercury is distilled 
off, and an impure silver left behind, which afterwarda 
undergoes the process of refining. 

19. Almost all lead ores, but especially galena, a sul- 
phuret of lead, contain a proportion of silver 5 and it has 
been found profitable to extract this, even when so low as 
eight ounces in the ton. 

The arffenti/erotis or silver-bearing lead, reduced from 
the ore as shewn in a former chapter, is melted and then 
allowed to cool slowly ; the lead begins to solidify first, 
and while doing so, is removed, from time to time, with a 
perforated iron ladle or strainer. An alloy containing a large 
proportionof silver remains in the liquid state; thisisallowed 
to cool« and the lead is afterwards separated by cupellatum. 
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20. The process of cupellation consists in exposing the 
sdloy of silver and lead on a cupd in a furnace to a current 
of heated air, whereby the latter metal is oxidized. The 
cupel is a kind of shallow^ porous, crucible made of bone- 
ash, the object of which is not only to support the metal, 
bnt to absorb the oxide of lead as fast as it is formed. 

21. Pure silver is too soft to be used with advantage, it 
is therefore generally alloyed with copper. The standard 
sQver used for the English coinage consists of thirty-seven 
parts pure silver, and three parts copper. 

Es.f. — ^Dissolve a silver coin in nitric acid, the solation will be of 
a greenish color, owing to the presence of nitrate of copper ; place a 
piece of pure copper in the solution the acid will leave the silver and 
dissolve the copper, the former metal being precipitated as a crystal- 
line powder, which, when well washed and dried, may be fused into 
a button of pure silver. 

Ex. g. — Instead of immersing a piece of copper in the above solu- 
tion of nitrate of silver, add a little salt and water so long as a precipi- 
tate is formed. This precipitate is chloride of silver, AgCl, which, if 
washed, dried, and meiied with carbonate of sodium, will yield chlo- 
ride of sodium and pure silver. 

2AgCl + NajCOj = 2]S"aCl -i- COj + O + 2 Ag. 

22. Gold (Aurum) is one of the most widely diffused 
of the metals, being found in almost every country, but 
most abundantly in South America, California, Australia, 
the East Indies, Western Africa, Hungary, and the Uralian 
mountains. 

23. Gold is found exclusively in the metallic state, sel- 
dom indeed pure, but alloyed either vrith silver, copper, or 
some other metal. It is occasionally met with in masses 
or nuggets of several ounces or even pounds in weight ; but 
it occurs more generally in the form of grains, disseminated 
through quartz and other rocks, or in the sands of various 
rivers. 

24. These gold-sands (the gold-dust of commerce) are 
deriTed from the disintegration or breaking up of the rocks 
in which the metal was contained. The gold, ovdng to ita 

o 
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liiqgh ipeeiile gvftTity (19.2)9 » readily separated from tk 
sandy or earUiy matter by washing in water ; or it may 
be obtained by the process of amalgamation, as in the case 
of silver. 

25. Gold is the most malleable and ductile of the metals, 
and likewise very tenacious. 

It maybe extended into leaves less than tst^^^ ^^ ^ 
inch in thickness j — a single grain may be drawn into a 
wire 500 feet in .length ; — and a wire -^th of an inch in 
diameter can support a weight of 158 lbs. (See Chapter 
XIX., § 10). 

26. Gold does not tarnish or oxidize when exposed either 
to heat, air, or moistare. It is unacted on by any single 
acid, but is dissolved by chlorine, especially in the nascent 
state, for which purpose a mixture of nitric and hydro- 
chloric acids is used, termed nitro- muriatic, or nitro- 
hydrochloric acid, or aqua regia. The resulting compound 
k Perchloride of Gold, AuGl,. 

Ex. h. — Place some gold-leaf in a glass of water, and pass a current 
0f chlorine through the liquid, the metal will he rapidly dissoWedt 
forming perchloride of gold. The same compound may he produced 
hy dissolving leaf-gold in nitro-mnriatic acid. 

27. Pure gold, being very soft, as well as very costly, i» 
never employed in the arts. It is generally alloyed with 
silver or copper, to give it greater hardness. The metal 
used for English gold coin consists of eleven parts gold^ 
and one part alloy. 

28. Platinum derives its name from the Spanish plata, 
silver, on account of its silvery lustre. It is about half as 
valuable as gold, and is always found in the metallic state, 
occurring in the form of flattened grains of a greyish-white 
color, and associated with palladium, osmium, iridium, 
rhodium, and a little iron. 

29. Platinum is chiefly obtained from alluvial depositi 
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in the Uralian mountams i* it is also found in St. Domingo, 
Borneo, and Ceylon, and in the gold districts of Soath 
America. It is separated from the sandy and earthy 
matter ^th which it is associated, by washing in water, as 
in the case of gold and stream-tin. 

30. Pure platinum is very ductile and malleable, and one 
of the most tenacious of the metals. It is the heaviest 
substance known, being nearly 22 times as heavy as water. 
Its specific gravity varies from 19.5 to 21.9. 

31. Platinum is unchanged by exposure to air or mois- 
ture. It remains infusible in the strongest heat of a smith's 
forge, and can only be melted by the agency of electricity, 
or by the oxy-hydrogen blowpipe. Like iron^ it possesses 
the property of welding, when heated to whiteness. (Chap. 
XXIII., § 14. 

32. Platinum is insoluble in any of the simple acids ; 
but, like gold, it may be dissolved in aqua regia, or nitro- 
hydbrochloric acid, giving rise to Bichloride of Platinum, 

PtCl4- 

Platinum is speedily oxidized and corroded by the caustic 
alkalies at a red heat ; it likewise forms alloys with most 
of the other metals. 

E». t. — Place a particle of lead, tin, or antimony on a piece of 
platinum foil, and heat it over a spirit lamp ; when at a red heat, the 
metal used, whichever it may he, will comhine with the platinum, 
and form a fusible alloy. This experiment shows that the above 
metals must never be melted in platinum vessels ; the same holds 
good with the ores and oxides of these metals, and in a less de- 
gree with bismuth, copper, cobalt, and nickel. The following 
cautions are added by Berzelius :— " Platinum Tcssels must not be sub- 
jected at any time to the action of chlorine, or the compounds which 
evolve chlorine. Nitre and the alkalies must not be fused in them. 
Immediate contact with the fuel, which ought to be charcoal, (if in 
a fiBmsce,) must be avoided as much as possible." 

* The largest specimen yet discovered was found in the Uraliaik 
mouatains, and weighs 21 lbs. troy. 

o 2 
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33. Flatinum may be obtained in two states of yery minute 
division j in the one state it is termed spongy platinum : in 
the other, which is still finer, it is called platinum black. 
Each of these substances has the property of condensing 
gases in its pores. The result of this condensation is to 
bring the gaseous bodies in close contact, and cause them 
to combine. In this way oxygen and hydrogen are com- 
pelled to unite, and flame is produced, as in Dohereiner's 
lamp. 

E». k. — Spongy platinum may be made by saturating blotting paper 
with bichloride of platinum and dr3^ng it, repeating the process seve- 
ral times, and finally, burning the paper in the flame of a spirit lamp ; 
the ashes left are the spongy platinum. 

Ex. I. — ^To a diluted solution of bichloride of 
platinum add some solution of chloride of am- 
monium (sal-ammoniac), a yellow precipitate of 
ammonio-chloride of platinum, PtClj+KUiCl, 
is produced, which is decomposed by heat, and 
yields a grey mass of spongy platinum ; this 
becomes red hot when exposed to a stream of 
hydrogen, and then inflames the gas. (Doierei- 

JEm. m. — The peculiar property of this metsl 
in continuing red hot, when exposed to certain 
vapors, is shown not merely by spongy plati- 
num, but by platinum in its ordinary metallic 
state. This may be tried as follows : — Make a 
small coil of fine platinum wire, and place it 
Fig. 74. loosely round the wick of a spirit lamp, filled 

with alcohol ; set fire to the wick, and when it has burnt two or three 
minutes, blow out the flame, the platinum wire will continue red hot 
until the whole of the spirit be exhausted. It should be covered 
loosely with a glass funnel, so that air may have access to it, yet no 
current be suficient to rob the platinum of its heat 

34. Platinum being infusible, cannot be obtained from 
its ore, by furnace operations, in the usual way; it is 
therefore dissolved in aqua regia, and the resulting chloride 
precipitated by sal-ammoniac, as in Ex. /. ; this^ when 
heated, yields the metal in a finely divided state. The 
spongy platinum formed is then heated to whiteness, 
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and its particles welded together by strong pressure. On 
being again heated, it can be hammered or rolled into 
plates, drawn into wire, &c. 

35. Platinum, being unacted on either by acids or by 
heat, is employed in the manufacture of crucibles and 
other chemical apparatus. Large stills made of this metal 
are used in the concentration of sulphuric acid. (Chap. 
XIY. § 21.) It is also used by gun-makers for making 
the touch-holes or nipples of fire-arms ; and in Russia, it 
has been coined into money. 

EXERCISES ON CHAPTER XXVI. 

1. In what form is mercury met with in nature ? 

2. Whence is mercury obtained ? 

3. Give the symbo], combining equivalent, specific gravity, and 

leading properties of mercury. 

4. How is mercury affected by change of temperature ? 

5. How is mercury affected by the air ? 

6. What compounds does mercury form with oxygen, and why is 

their nomenclature unsettled ? 

7. Describe the grey oxide of mercury, and the modes of obtain- 

ing it. 

8. How may the red oxide of mercury be obtained, and what are 

its properties ? 

9. State the nature and properties of vermilion. 

10. For what is mercury used ? 

11. What are the physical characteristics of silver ? 

12. Illustrate the malleability, ductility, and tenacity of silver. 

13. How is silver affected by the atmosphere ? 

14. How is silver affected by heat ? 

15. How is silicate of silver formed, and to what purpose is It 

applied ? 

16. For what are oxide of silver and its compounds used? 

17. Whence is silver obtained ? 

18. How may metallic silver be obtained from the sulphuret ox 

chloride ? 

19. How may silver be obtained from the lead Ores in which it is 

frequently met with ? 

20. What is the process of eupellaiion t 

21. What is standard silver ? 

22. Whence is gold obtained? 

23. Under what forms is gold found ? 
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2i. What b tbe origin of gold-sands, and how may the meUd be 
obtained from them } 

25. nioatrate the dactility, tenacity, and malleability of gold. 

26. How ii gold affected by heat, air, moisture, and adds f Haw 

may gold be dissolved ? 

27. Why is gold alloyed? What is standard gold? 

28. Whence does platinum take its name, and how is it fonnfl it 

nature? 

29. Whence is platinum obtained? 

30. State some of the physical properties of platinum^ 

31. How Is platinum affeeted by heat ? 

32. How is platinum dissolved ? 

83. State the nature and properties of spongy platinum and plati- 

num-bladc 

84. How is platinum obtained from its ores ? 

85. For what is platinum employed ? 
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1. Most of the compounds of themetalloidBwitli ory- 
gen are aoidiflable oxides, which, when combined with 
water, form the class of acids formerly called oxygen-adds 
(Chap. XIX. § 14i). 

2. Most of the compounds of the metalloids with 
hydrogen are acids, and were formerly termed hydracids 
(Chap. VII. § 8). 

8. Most of the compounds of the metals with oxygen 
are bases, or bane oxides (Chap. XIX. § 15). 

4. When acids and bases combine, they more or less 
completely neutralize each other, and form a dass of com- 
pounds termed Salts. 

5. Salts may also be defined to be compound bodies 
produced, either. 
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(i.) By the union of an add mik « base, as nitrate of 
silver, sulphate of copper, carbonate of cal- 
cium, &c. 

Or, (ii.) By the union of a metal with a metalloid, as 
chloride of zinc, iodide of potassium, &c. 

6. Salts of the latter class have been termed Haloid 
Salts, from their analogy or resemblance to sea-salt (dX^, 
halSy salt ; and sJfdog, eidos, form). 

7. Salts formed from acids whose names end in -tc, are 
known by the ending -ate ; those formed from acids end- 
ing in 'Otu have names ending in 'tie. 

Thus, nitrtc acid forms nitra^M / nitroti« acid, nitrites ; 
sulphuric acid, sulpha^e«, &c. 

8. At the present time all acids are considered to be 
compounds of hydrogen ; in fact they are hydrogen-salts 
in which the hydrogen acts the part of a metallic base 
(Chap. VII. § 12). 

9. According to this theory, a salt is formed by the re- 
placement of the whole or part of the hydrogen in the 
acid by its equivalent in metal. 

10. When a mono-basic acid (Chap. XVIII. § 20) acts 
on a mono-atomic metal, the single atom of replaceable 
hydrogen is replaced by an atom of the metal. 

Thus, chloride of sodium (Nad) may be obtained by acting on 
hydrochloric acid (HCl) by sodium (Na) ; the atom of hydrogen ia 
the add being replaced by an atom of the metal. 

HCl + Ka = KaCl + H. 

Again, chloride of sodium may be obtained by adding one atom 
of soda (Na,0) to two atoms of hydrochloric acid (2HC1) ; the 
two atoms of sodium replacing the two atoms of hydrogen, which 
combine with the oxygen to form an atom of water. 

2HG1 + ITa^O =s 2HaCl + H,0. 

When a mono-basic acid acts on a di-atomic metal, two 
atoms of acid must be taken for each atom of metal. 

For example, chloride of barium (a di-atomio metal) may be formed 
by the action of hydrochloric aeid on metaUio barium, on caustic 
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iNUTta or oxide of barium, or on the hjdnted oxide of barium; 
thiu; — 

2HC1 + Ba sBaClj+H,. 

2HC1+Ba0 =BaGl,+H^. 

2HCl4'BaHfl0s = BaGly+2HsO. 

11. Gonvenely, when a di-basic acid acta on a mono- 
atomic metal, two atoms of metal must be taken to form a 
neutral salt. 

For example, sulphate of potassium (a mono-atomio metal) is 
formed by the action of solidiuric acid (a di-basic acid) on potas- 
sium, on caustic potass, or on the hydrate of potassium ; thus s — 

HtS04-i-2K =:X,S04+H,. 

H^4 + K,0 := X^SOi + E,0. 

Es80«+ 2XH0 = X^SOf + 2ifi. 

12. A di-basic acid is neutralized by a di-atomic metal 
atom for atom* Thus, 

ILfiOi + Ca = CaSOf + H.. 
H,S04 + CaO = CaSOf + HsO. 
E,804+CaH,0, = Ca8042H,0. 

13. In order to form a neutral ealt with a tri*bauc acid^ 
Ire must take, for a 

Mono-atomic metal, 3 atoms of metal to 1 atom of acid. 
Di-atomic ,, 3 „ ,, 2 atoms „ 

Tri-atomic „ 1(3),, „ 1(8) „ „ 

Thus, Phosphate of Sodium = Ha3P04. 
Phosphate of Calcium = Ca^2F04. 
Phosphate of Bismuth = Bi33P04 = BiPOi. 

14. Conversely, to form a neutral salt with a tri-atomie 
metal, we must have, 

1 atom of metal to 1 atom of a tri-basic acid. 

2 atoms ^ 3 atoms „ di-basic „ 
1 atom „ 3 „ n mono-basic 

Ihus, Phosphate of Bismuth = BiP04. 
Sulphate of Aluminum = Al^SSO^. 
Ilitrate of Bismuth == BidKOa. 
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15. "When only part of the hydrogen in the acid is re- 
placed by a metal, the resulting compound is an acid salt 
or supeT'SalL 

For instance, in Bulpburic acid (HSSO4), which is di-batic, one or 
both of the atoms of hjdrogen may be replaced by potassium. 
Thus. 

Sulphuric Acid • ... =sHtSO. 

Neutral Sulphate of Potassium = K,804. 

Acid Sulphate, or Per-sulphate of Potassium := KHSO4. 

Or, again : — In phospboric acid (HsPOO, which is tri-basic, one^ 
two, or three atoms of hydrogen may be replaced by sodium. 
Thus, 

Phosphoric Acid = H3PO4. 

Basic Phosphate of Sodium ... = Ka3P04. 

Neutral Phosphate of Sodium ... = Ka,HP04. 

Acid-, or Per-phosphate of Sodium "StkKJBO^. 

16. The metallic or quasi-metallic half of a salt is 
called the base or basyle. 

The non-metallic part of a salt is sometimes termed the 
salt radical. 

Salt. Symbol. 

Thus, Chloride of Sodium NaCl 
Sulphate of Iron FeS04 

Garbonate of Calcium CaCOs 
Nitrate of Ammonium (NH4)N03 = (NHJ NOj. 
Cyanide of Potassium K(CN) = K (CN). 

17. Acid salts, or per salts, in which the hydrogen of the 
acid has not been entirely replaced by the base, or in which 
the salt-radical is in excess of the base, are frequently 
marked by the Latin prefixes, 6t-, tev'^ sesqui*, &c. ; as — 

Bi-sulphate of Potassium KHSO4. 
Bi-carbonate of Sodium KaHCO> 
Bi-sulphuret of Iron FeSa. 
Ter-borate of Potassium KHsSBOs. 



Base. 


Salt-ntdleal. 


= Na 


a. 


— Fe 


SO4. 


= Ca 


CO^ 
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Or, again, Chromate of Fotaasium q^q ' ^ = "KfiiO^^ 
Bichromate „ 2CrO» * ^ ^ K,Cr,0^. 

Tflpohromate „ ^^ | O = K,GrsOio. 

18. The prefixes proto-, per-, &c., before the name of 
mn oxygen-salt, show that the base is in the state of pro- 
./o-oxide, per-oxide, &c. 

ThuB^roto-Bttlphate of iron, FeS04, is the snlphate of the pro- 
toxide (FeOfiOi). 

Fer-8ulphate of iron, Fes8S04, is the sulphate of the peroxide 
(Fe,03,8S03. 

19. Baste, or sub salts, in which the base is in excess of 
the salt-radical are frequently marked by the Latin prefix 
sub'f or the Greek prefixes ^t-, tri-, &c. 

ThoB, Sub-chloride of Mercury HgOL 
SuVoxide of Copper Cu«0. 

Sub-carbonate of Copper CuCO^iCuH^^ 

20. The replaceable atoms of hydrogen in an add may 
^be replaced by different metals according to their equiva- 
lent power, hence we have double salts. 

For instance, eonunon alum is a sulphate of aluminum and potas- 
sium, four atoms of hydrogen in two atoms of acid being r^laced 
'hy one of tri-atomic aluminum, and one of mono-atomic potaaainm. 
Thus, 

^ \ 28O4 becomes ^ 1 2SO4 = AIK2B0^. . 

Again, in the double sulphate of copper and potassium, 

^ I 2S0, becomes ^ } 280, = CidL^Ba,. 

Again, in the (tri-basio) phosphoric acid series, we hare a doable 
[phosphate of magnesium and ammonium, for 

^ } PO, becomes ^^ j| PC, = Mg(ra*)P04. 

Once more, in the mineral called dolomite, we hare a double oar- 
Q)onato of calcium and magnesium (both di-atomio metals). Thus, 

^ l2C0a becomes ^ 1 2C0, = CaXg200r 
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Egp. a.^Bo\a a rtrong sdlntioii of oxalic aoid, HflCt04, on some 
copper filings, an oxalate of copper, Oa(C«04)» is formed ; if ammo- 
nia be added, deoompontioB ensues, oxalate of ammonia is prodaaed, 
and oxide of copper precipitated. 

Oa(0,00 + 2(NH4)HO == (NHJ,(C,0), + H3O + CuO. 

Ex. b.-^JI instead of pure ammonia we add oxalate of ammonia to 
oxalate of copper, no decomposition takes place, but a double salt 
called oxalateof ammonia and copperis the result, Cu(NH4)« + 2(Cs04). 
Thia double salt forms blue rhomboidal crystals, while the separate 
salta appear, — the one, the oxalate of ammonia, in the state oijlat, 
whUe, prismatie crystals ; the other, the oxalate of copper, in the 
form of a green powder. 

21. Many of the add or super- salts may be strictly 
considered double salts, in which water forms one of the 
hoses : — thas common bisulphate of potassium, EHSO4, 
might be regarded as a double sulphate of potassium^ and 
water, KjHaZSO, = 2KHSO4. 

22. The particles of almost every substance, sunple or 
compound, have, when passing from the fluid to the solid 
state^ a tendency to arrange themselves in certain geome- 
trical figures, usually bounded by flat surfaces. These 
figures are termed crystals, and the process by which they 
are formed is termed crystallization. 

Thus common salt crystallizes in the form of cubes or dice ; Ep- 
som salts, in four-sided prisms ; salt-petre, in six-sided prisms; alum, 
in octohedra or double pyramids ; &c. 

23. Crystallization takes place during the passage of 
bodies firom the fluid to the solid state. This maybe 
effected in several ways. 

First J by simple fusion and slow cooling, as in the case 
of sulphur, the metals, &c. 

See Chap. XIY., E». a. ; Chap. XXIV ., Ex. K 

Secondly ^ by sublimation, as in the case of iodine, arsenic^ 
and antimony, camphor, naphthaline, benzoic acid, &c* 
See Chap. XVI., Ex, m. ; Chap. XXV., Exs, h. and 7. 

Thirdly, by solution and subsequent evaporation, as in 
the case of most salts and organic compounds. 

Stf. c— Make a strong solution of loaf sugar, pour the syrup thus 
made into a vessel of any kind, which place in a slow oven ; thd 
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eFftporation being rapid, the tugar will be deposited in weaej tmill 
crystals, or, in iSat, the whole will become loaf sugar again. Plioe 
some of the same solution in a pan, stretch one or more string 
across the resBel and set it aside, so that the eraporation uajheieej 
slow ; instead of the sugar presenting a fine granular surfiioe as before, 
it will appear in large well-formed crystals clinging to the strings. 
In this state it is known as sugar canay. 

24. It ia a general rule that every crystallizable sabstance 
has its own crystalline form. The same body may, how- 
eyer, under different circamstances be foand crystallized 
on two different systems,* it is then termed dimorpkoiu 
(two-formed) ; thus carbon appears in octohedral crystals 
in the diamond, and in hexagonal or six-sided plates in 
plumbago ; carbonate of calcium and sulphur are other 
examples of dimorphous bodies. 

25. When different substances of similar chemical con- 
stitutions crystallize in similar forms, and can consequently 
replace each other without altering the geometrical figure of 
the crystal, they are termed isomorphous, (equal or like- 
formed). Crystals of isomorphous bodies, when of the same 
colour, cannot be distinguished by the eye ; this is the case, 
for instance, with the sulphates of zinc and magnesium. 

26. Most crystallized salts contain what is termed water of 
erystallization. This water, which forms part of the crystal, 
not of the salt, may be removed by heat or by exposure to 
a dry atmosphere, and must be distinguished from the basic 
water essential to the existence of certain saltsasnoticed,§21. 

27. Some crystallized salts are naturally ankydrousg that 
is, they contain no water of cryBtallization, as nitrate of 
potassium (saltpetre). 

Others become anhydrous when heated ;— thus gypsum^ 
selenite, or sulphate of calcium is found in transparent crys- 
tals, unchangeable in the air, but at a red heat cnimbling 
down into the white powder known as plaster of Paris. 

* The primitive forms which crystals assume may be arranged in 
six classes or systems, and in each of these there is a great number 
of secondary forms, for full details of which the student must lefer 
to complete treatises on Mineralogy. 
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28. Some salts part with a portion of their water of 
crystallization when exposed to dry air, and crumhle into 
powder, or, as it is termed, effloresce; as carbonate of sodium, 
acetate of calcium, sulphate of copper, &c. 

29. Other salts, instead of parting with their water of 
crystallization, attract moisture from the air, and become 
more or less liquid or deliquesce, as, for instance, carbonate 
of potassium, chloride of calcium, &c. 

EXERCISES ON CHAPTER XXVIL 

1. What are oxygen-acids ? 

2. What are hydr-acids ? 

3. 'What are basic oxides ? 

4. What are salts ? 

5. How may salts be formed ? 

6. Why have some salts been termed Haloid salts } 

7. What is shewn by the terminations 'Cte and -ite t 

8. How are acids now regarded ? 

9. What is the modern theory of the formation of a salt ? 

10., ll.y 12., / Explain the action of mono-basiCj di-boHc, and/rt-doMC 
13., 14. ( acids, or metals of different equivalent power. 

15. How is an add-aalt or super-salt obtained ? 

16. Explain the terms base and tait-radical. 

17. Give examples of super-salts, 

18. What is shewn by the prefixes proto-j per-, &c ? 

19. What is a basic or sub-salt ? 

20. Explain and illustrate the terra double-salt, 

21. Why may some st^er- or actV^-salts be considered as doable 
aalta? 

22. What is meant by crystallization ? 

23. Under what circumstances do bodies crystallize? Give ex- 
amples. 

24. What is meant by dimorphotts bodies ? 

25. When are bodies termed isomorphous t 

26. What is meant by water of crystallization \ 

27. Give examples of anhydrous salts. ' i ; ; 

28. What are efflorescent salts ? 

29. When are salts said to be deliquescent t 
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CHAPTER XXVIII." 

i 

0ABB0KATS8. 

Carbonic acid sss HsCOj. 

The Carbonates are formed by tbe union of carbonic 
acid with a metallic oxide, and are, for the most part, 
insoluble, white, or light-coloured salts. Many of them are 
found native, and nearly all may be artificially prepared by 
adding carbonic acid or a solution of au alkaline carbonate 
to a solution of a metallic salt. In the latter case a dou- 
ble decomposition ensues with interchange of acida and 
bases. 

2. The affinity of carbonic acid for the majority of 
metallic oxides is so slight, that the addition of almost any 
other acid will affect its separation ; the decomposition 
being accompanied with effervescence owing to the escape 
of carbonic acid gas, as in the familiar instance of the effer- 
vescing draughts prepared by adding tartaric acid to car- 
bonate of sodium. 

3. All the carbonates, excepting those of the alkalies, 
may be decomposed by heat. The alkaline carbonates are 
soluble, and retain a part, at least, of their acid at the 
highest temperatures, 

4. Carbonate of Fotassiumi E,CO,-fH,0, is prepared 
from the ashes of land plants, (especially of their green 
and tender parts), by stirring them in water so as to dis- 
solve out all the soluble matter they contain. The Ij/e 
thus obtained is strained, and then evaporated to dryness ; 
the mass which remains is an impure carbonate of potas- 
sium (jffrej/ salts). This, when further purified, becomes 
the pearlash of commerce (white salts). 
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5. Pare carbonate of potaasium may be obtained by 
heating cream of tartar (acid tartrate of potassium), 
KH,C4H40«, to redness, whereby the salt is decomposed, 
giving off inflammable gas and leaving behind a mixture of 
charcoal and carbonate of potassium ; the latter is dissolved 
out by water, filtered off, evaporated, and crystallized. 

6. Potass being a powerful base is not entirely neutral- 
ized by carbonic acid, so that carbonate of potassium pos- 
sesses alkaline properties, though to a less extent than the 
pure alkalL 

Carbonate of potassium is deliquescent, insoluble in alco- 
hol, but completely soluble in its own weight of cold water* 
When its crystals are heated, they lose their water of crys* 
taUization, and become anhydrous; they may be even fused 
without further change. 

7. Bicarbonate of Potassium, EHGOs, is formed by 
passing a stream of carbonic acid through a cold solution 
of the carbonate. It possesses very slight alkaline proper- 
ties, and is much less soluble than the preceding. 

When a solution of it is boiled, or its crystals are heated,, 
the salt is decomposed into water, carbonic acid, and tho 
simple carbonate. 

8. Carbonate of Sodium, NaaCOa + lOHA may be ob- 
tained from the ashes of sea-weeds, and marine plants^ 
such as the Salsola sodoy by a process similar to that 
described for preparing carbonate of potassium. The im- 
pure salt thus obtained forms the barilla of commerce, 
which is lai^ely imported for soap-making, &c., from the 
coasts of Spain. 

Sometimes the carbonate of sodium is found native,, 
haying been left by evaporation on the shores of certain 
lakes, termed natron lakes, in Africa; also in Mexico, 
Hungary, &c. In some instances this natron is a sesqui- 
carbonate of sodium, 2Na2C08,H3C03+3HaO.* 

* The sesquicarbonat^ of sodium, like that of potassium, is a 
natural product, and cannot be formed at pleasure. 
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9. By far the greater part of the carbonate of sodinm 
used at the present time is prepared from chloride of so- 
dium (common salt), by converting it into the sulphate of 
sodium, and then decomposing the latter by carbonate of 
calcium (chalk). 

The chloride of Bodiam is converted into sulphate of sodium by 
heating it with eulphuric acid, as shewn in the preparation of hjdrc- 
chloric acid. Chap. XYI., § 14. 

Thia sulphate of sodium is then mixed with chalk uid coal, and 
strongly heated in a reverberatory furnace, whereby, in the first 
place, the sulphate of sodium becomes reduced to sulphuret of sodium 
through the removal of its oxygen by the coal ; and secondly, the 
sulphuret of sodium is decomposed by the carbonate of calcium with 
an interchange of elements, yielding sulphuret of calcium and car- 
bonate of sodium. The latter is then dissolved out from the fused 
mass, dried, redissolved, purified and crystallized. 

10. These three successive steps in the manufacture of 
carbonate of sodium may be shewn as follows : 

1st. The production of sulphate of sodium from chloride 
of sodium. 

2NaCl+H2S04 = 2HCl+Na2S04. 

2nd. The conversion of sulphate of sodium into sul- 
phuret of sodium. 

Na3S04+2C = 2C03+NajS. 

3rd. The double decomposition of sulphuret of sodium 
and carbonate of calcium. 

NaaS+CaCOa = CaS+NaaCOj. 

11. Carbonate of sodium dissolves in about its own 
weight of boiling water, and in twice its weight of cold ; 
the solution, like the corresponding solution of carbonate 
of potassium, is strongly alkaline, caustic, and detergent.* 

Crystals of carbonate of sodium effloresce in dry air, and 
when heated, lose their water of crystallization, and fuse 
without further change. 

22. Bicarbonate of Sodium, NaH,C03 is a crystalline 

• Detergent ^ cleansing, from detergere^ to wipe ofil 
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white powder, possesBing properties analbgoat to those of 
hicarbonate of potassium, and may be procured in a similar 
manner. 

It cannot be dissolved in warm water without partial 
decomposition. 

13. The carbonate of both potassium and sodium ar& 
much employed in glass-making, soap-making, washings 
bleaching, and in medicine. 

The carbonate of sodium forms a hard soap, that of po^ 
ittsnutn, a soft soap, when boiled with fatty matters. 

The carbonate of sodium is rather less soluble than car* 
bonate of potassium, but is more fusible, it consequently 
makes a better glass. 

14. There appear to be at least three compounds of 
carbonic acid and ammonia. 

1. The neutral Carbonate of Ammonia (NH8)3H20,COs, 

a white powder, formed by mixing one Yolume of 
carbonic acid gas with two volumes of gaseous- 
ammonia. 

2. Sesqui-carbonate of Ammonia, or ordinary ''smell- 

ing salts,*' 2(NH3)2,3HjC03. — This substance 
may be readily prepared by mixing coarsely 
powdered sal-ammoniac (chloride of ammonium) 
with carbonate of lime, and exposing it to heat ; 
mutual decomposition ensues, and sesqui-carbonate 
of ammonia sublimes, leaving a residue of chloride 
of calcium and lime. 

4NH4CI + SCaCOa + H30=2(NH3)2,3HjC03 + 2CaCl, + CaO. 

3. Bicarbonate of Ammonia, (NH3)HAC0„ may be 

formed by passing a current of carbonic acid gaa 
through dilute liquid ammonia. It is also the re- 
sult of exposing the carbonate and sesqui-carbo- 
nate to the air, whereby part of the ammonia ia 
dissipated. 

p 
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The symboU in the preceding paragraphs refer to the or- 
bonates of ammonia as salts of the hydrated alkali, NHsH^; 
they may, however, be expressed as salts of (the supposed 
mono-atomic metal) ammonium, NH4, and will then ap- 
pear in the following form : 

Carbonate of Ammonium (NH4)2C03. 

Sesquicarbonate „ 2{(Sli^)2CO3}^JC0r 

Bicarbonate „ (NHOHCO,. ' 

'* A strong solution of sesquicarbonate of ammoniiUD, made with 
tepid water, and filtered, warm, into a' close Teasel, will 
after a few days deposit crystals of the bicarbonate per- 
manent in the air, and strongly resembling crystals of bi- 
carbonate of potassium." — Fownes, 

When organic substances containing nitrogen, as, flesh, animal 
excretions, &o., decay or putrefy, carbonic aoid gas- and 
gaseous ammonia, are set free ; these uniting, escape into 
the air, as carbonate of ammonium, the powerful odor of 
which may be readily perceived near stable yards, manure 
heaps, &c. 

15. Carbonate of Barium, BaCOa, is a natural product, 
called WitheritCf by mineralogists. It is highly poisonous, 
has no action on vegetable colors, and is but slightly 
soluble in water* 

Salts of Barium are poisonous, those of Strontium are not. 

16. Carbonate of calcium, CaCOg, is distributed aU oyer 
the globe, in the form of limestone, marble, chalk, coral- 
reefs, shells, &c. 

It has been stated, that all the deposits of chalk and limestone, 
although they are so extensive as often to form mountain ranges, are 
of animal origin, and have been formed by accumulations of corals, 
shells, and skeletons of minute animals which formerly existed, but 
have become consolidated by pressure, and other causes, during the 
course of ages. 

. The formation of coral reefs, which are masses of carbonate of lime 
built up by myriads of coral-polyps, is an existing illustration of 
similar deposits. 

1 7. CarboDate of calcium not unfrequently occurs crys- 
tallized, as in Iceland, or calcareous spar, and in another 
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mineral termed arragmite. These two minerals, though 
alike in composition, have very different crystalline forms, 
as 'well as different specific gravities, and optical pro- 
perties. They are, in fact, illustrations of the dimorphous 
character of carbonate of calcium (See Chap, XXVJl. § 24). 

18. Carbonate of calcium is nearly insoluble in pure 
water, but is readily dissolved by water containing carbonic 
acid. Water so impregnated is termed hard water (page 
40), and deposits carbonate of calcium when heated, owing 
to the escape of carbonic acid. 

When the hardness of water arises from the presence of carbonate 
of calcium, it may be removed by the addition of potass, soda, or lime 
water, whereby the excess of carbonic acid is neutralized, and carbo- 
nate of calcium deposited. This is one use of potass, or soda, in 
washing. 

19. The deposition of carbonate of calcium, from its sola- 
lion in carbonated water, by evaporation, is the cause <of 
the encrustations, found in tea-kettles and steam-boUej^i 
especially in chalk and limestone districts ; and also of 
the masses of mineral matter, often found in limestone 
caverns, termed stalactites and stalagmites; the former, 
hanging like icicles from the roof, the latter, rising in various 
shapes from the floor. 

Ex, a. — ^Pass a current of car- 
bonic acid through water which 
has been rendered milky by a 
little powdered chalk, the liquid 
will gradually become clear; if 
heated over a lamp, chalk will be 
again deposited. 

20. Gaxbonate of Mag^ 
nesinm, MgCOs,. is not 
easily prepared artificially; 
it occurs native in crystals ^}^' ^^• 
somewhat resembling Iceland spar, but much more abun- 
dantly in combination with carbonate of calcium, farming 
magnesian hmestone : MgCa2C03. 

V 2 
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21. The carbonate of magnenam, or magnetia alba of Che 
druggistyisnota neutral carbonate,batRcompoand of hydrate 
and carbonate, consisting of 4iMgCO3+MgH,O,H-5Hs0. 
It is prepared by adding a hot solution of carbonate of 
potass or soda to a hot solution of any soluble salt of mag- 
nesia, boiling the mixture for a few minutes, and then well 
washing and drying the precipitate formed. 

22. Carbonate of Iron, FeCO,, occurs in nature as 
9pathose iron ore, and as clay iron-stone, the most abnn- 
dant and important of the ores of iron. It is also often 
found in mineral waters, being held in solution by the 
excess of carbonic acid they contain; such waters are 
termed chalybeate, and may be known by the rusty color 
they impart to the stones, &c., oyer which they flow, and 
by their disagreeable, inky taste* 

23. Carbonate of Copper, GuCOs; a neutral car- 
bonate of copper is unknown. 'When a hot solution 
of a salt of copper, (the sulphate, for instance,) is added 
to a hot solution of carbonate of potassium, or sodium, a 
bulky green precipitate is thrown down, which is a Hy- 
drated Carbonate of Copper, CuCOsCuHaOa, used by 
painters under the name of green verditer, or mineral green. 
The beautiful mineral called malachite, which is found 
chiefly among the Uralian mountains, is a native di-carbo- 
nate of copper. 

24. If cold solutions be used instead of hot, the results 
ing precipitate will be of a blue colour ; it is also a Hy< 
drated Carbonate of Copper, 2(CuC03),CuH30s, known as 
blue verditer, and found beautifully crystallized in France, 
Saxony, Bohemia, &c., when it is termed chessylite. 

25. Carbonate of Lead, FbCO„ is a soft, white 
powder, insoluble in water ; and called by yarious names, 
such as cerme, flake white, white lead, &c. When ground 
with linseed, or some other oil, it is used as a white paint, 
or as the basis with which other paints are mixed in order 
to render them opaque, or, as it is termed, give them body. 
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If pmr€ water be allowed to stand in leaden vesseli, expoied to the 
air, it will, in a short time, oontain partidei of carbonate of lead, u 
stated in Ch/op, xziiii., | 21. 

26e White lead may be prepared by yarioas processes ; 
one of these (the Austrian method), is by passing a cur- 
rent of carbonic acid g:a8 through a solution of trU-aeetate 
or subacetate of lead, Pb(C,H,O03,2PbO, formed by boiling 
finely powdered litharge (protoxide of lead) in a solution 
of the acetate of lead, or in distilled vinegar (acetic acid, 
fi,(CsH,Qc). The subacetate of lead is decomposed by the 
carbonic acid, and carbonate of lead precipitated. 

27* The oldest (the Dutch) process, and the one still 
mostly preferred, is by exposing thin plates of pure east 
lead to the action of the vapor, of vinegar, in earthen 
Teasels, placed on a hot bed formed of manure or tanners' 
spent bark. 

The vapor of vinegar or acetic acid appears in the latter 
process to act, chiefly, as a carrier between the carbonic 
acid, arising from the decomposition of the bark, -ftc., and 
the oxide of lead, formed under the influence of the acid 
vapor. Successive portions of the metal become converted 
into subacetate of lead, Pb(C3H303)2,2FbO ; this subacetate 
is immediately decomposed by the carbonic acid, and car- 
bonate of lead is formed. The process gradually proceeds 
from the exterior, till the whole thickness of the metallic 
lead is changed into a carbonate. 

Ex. b, — ^Fill a series of test glasses with the following solutions, 
and add to each a few drops of a solatiMi of carbonate of potassiiuii« 
or sodlam. 

SoluttoM. Prteipitafet, 

Nitrate of Barium gives Carbonate of Barium white. 

ft jf Strontium „ m n Strontium,, 

Chloride of Calcium „ „ » Calcium. ,, 

Sulphate of Iron „ ,, „ Iron „ 

Chloride of Nickel „ „ „ Nickel green. 

„ „ Cobalt „ „ „ Cobalt fnnk. 

Acetate of Lead „ „ „ Lead white. 

Sulphate of Copper ,, ,, ,,, Copper blue. 
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SXBRCISKS ON CHAPTER XXVIIL 

. 1* What are the ctrbonates, and how may they be prepared ? 
. 2* State how the carbonic acid may be separated from a carbonalik 
and give illustrations. 

3. How are the carbonates affected by heat and moisture ? 

4. How is ordinary carbonate of potassinm obtained ? 

5. How may carbonate of potassium be obtained pure ? 
t. What are the properties of carbonate of potassium ? 

7. How is bicarbonate of potassium procured, and in what does it 

differ from the carbonate ? 

8. Whence may carbonate of sodium be ol^tained ^ 

9. How is carbonate of sodium manufactured on a large scale ? 

10. Explain the successive steps in the usual process of manufactur- 

ing carbonate of sodium. 

11. State the properties of carbonate of soda. 

12. How is the bicarbonate of sodium obtained, and what are its 

properties ? 

13. For what are the carbonates of potassinm and sodium used } 

14. Describe the carbonates of ammonium. 

1ft. What are the properties of carbonate of barium ? 

16. Where is carbonate of calcium found ? 

17. Illustrate the dimorphous character of carbonate of calcium* 

18. What is hard water ? 

19. Explain the origin of ttalaeiiies, &c. 
'IttL Where is carbonate of magnesium found ^ 

21. What is tnagmnia alba t 

22. Where is carbonate of iron found ? 

23. What is gretn verdifar, and how may it be prepared ? What Is 

malaehitey and where is it chiefly found ? 
'24. What is blue verditerf 
f^b. What if carbonate of lead, and for what is it used } 

26. How is white lead prepared by the Austrian process ? 

27. Explain the common process for obtaining white lead. 
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CHAPTER XXIX. 

SITLFHATXB. 

Sulphuric Acid = HjSO^, 

1. The Sulphates form an important class of salts. 
They are prodnced, either by the direct combination of 
snlphuric acid with a metalUc oxide, — by the addition of 
snlphuric acid to a metallic carbonate, whereby the car- 
bouic acid is displaced, — or by the action of sulphuric 
acid on a metal. 

In the latter case the metal is oxidized, either at the 
expense of the water with which the acid is diluted, while 
hydrogen glis is evolved, see Chap. v. § 13, 14, or at the 
expense of a portion of the acid, which, if concentrated^ 
is decomposed, and sulphurous acid gas given off. See 
Chap. xiv. § 12. 

2w The sulphates are sometimes formed in nature, 
throvgh the oxidizing influence of the air on metallic sul- 
phuiets, whereby the metal is converted into an oxide and 
the sulphur into sulphuric acid, and these . uniting to- 
gether form the sulphate. Thus, for instance, 

FeS+40 = FeSO^. 

8. The sulphates are for the most part soluble in water,* 
and the solutions give a white precipitate with chloride of 
baikim,. BaCl, or any other soluble barytic salt ; this pre- 
cipitate (sulphate of bariaxn, BaS04) is insoluble, either in 
acids or alkaUes. 

* There are, so far as at present known, but six imoluble sul- 
phates, viz., sulphate of barium, bismuth, tin, lead, antimony, and 
mercury ; and six sparingly soluble ones, viz., sulphate of strontium, 
lime, silver, zirconium, yttrium, and cerium. 
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Chloride of barium is thus a teat for the presence of 
■ulphoric acid. 

BaCa,+H,S04 = 2Ha+BaS04. 

4. An insoluble sulphate may be detected by being 
Cased with three times its weight of carbonate of potas- 
nium or sodium. Double decomposition ensues, a metallic 
carbonate and an alkaline sulphate being formed. The 
nature of the metal may be ascertained from the formeri 
mnd the amount of sulphuric acid from the latter. 

5. All the sulphates, except those of potassium, so- 
dium, lithium, barium, strontium, and calcium are decom- 
posed by a white heat, yielding sulphuric acid, sulphor- 
ous acid, and oxygen, and leaving a metallic oxide. 

6. All the sulphates are decomposed when mixed with 
charcoal and heated to redness, being for the most part 
converted into sulphurets, while carbonic acid and carbonic 
oxide are given off. 

7. Sulphate of Potassium, K3SO4, and Acid-sulphate 
of Potassium, KHSO4, are artificial salts. The latter 
formerly termed sal^enixum, is formed during the process 
of preparing nitric acid from nitrate of potassium by 
the action of sulphuric acid, Ckap. Fill., § 2L it 
is used in calico-printing, and for cleaning brass and other 
metallic work previous to lacquering or finishing, also for 
cleaning coins. When heated it is decomposed into aul- 
phuric acid and the neutral sulphate. 

The sulphate of potassium may be obtained by adding 
potass or carbonate of potassium to a solution of the acid- 
sulphate ; it is sometimes used in medicine. 

8. Sulphateof Sodium,orG/<ftt5er'«£fa;/«,Na,SO4+10H,0, 
may be prepared by adding sulphuric acid to common sidt, 
and is formed in hurge quantities in the processes for ob- 
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taining chlorine and hydrochloric acid^ described in Chap. 
XF/.y §§ 9, 14, and in the manufacture of carbonate of 80« 
diam. Chap. XXVIII. § 10. 

(L) 2NaGl+Mn03-«-2(H3S04):= 2Cl + 2H,0 + MnS04+Na,S04. 
(ii) 2N«Cl+HjS04s 2HGl^Nt^0,. 

It is termed GUaber's salt from a chemist named Glauber, who 
first introduoed it u a medicine ; it is now chiefly used for horses and 
cattle. 

£r. a.-»Pat half an ounce of sulphate of sodium, with the same 
quantity of nitrate of ammonium, into a mortar, and let them be 
smartly rubbed together ; they will each part with their water of crys- 
tallization, and this water will render them both quite fluid. 

9. Sulphate of Barium, BaSOf, is an abundant na- 
tural product, known as heavy spar. Its artificial produc- 
tion has been noticed in § 3. It forms a valuable white 
paint {permanent white), which remains untarnished by 
sulphuretted hydrogen or other vapors. It is frequently 
employed for the purpose of adulterating white lead ; the 
adulteration may be detected by dissolving white lead in 
nitric, acid; if pure, the whole will be dissolved; if any 
sulphate of barium be present, it will remain as a white 
sediment. 

10. Sulphate of Calcium, or Gypsum, CaS04+2H.O, 
is a soft, white, mineral, very abundant in nature ; the finer 
kinds are known as alabaster, and when regularly crystal- 
lized, it is called selenite. When gypsum is heated to 
about 300^ F., the greater part of its water of crystalliza- 
tion is expelled; it is then ground to powder, and known as 
Piaster of Pari*. 

11. When Plaster of Paris is made into a thin paste with 
water, it again combines with it, and speedily s€ts or 
hardens, as we see in the case of plaster busts, stucco work* 
&c. 

This effect, hovrever, dpes not take place if the gypsum • 
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baa been over-heated, so as to become anhydrona* or if tlie 
plaster has beea made some time. 

12. Since sulphate of calcium is somewhat soluble, and 
exists abundantly in the earth, it is frequently found in 
spring or well water. All waters containing lime are 
called hard^ but such as contain sulphate of calcium are 
permanently hard, that is, they do not deposit their lime 
and become soft by boiling, as waters containing only car- 
bonate of calcium do ; such water may, however, be de- 
prived of its hardness by the addition of an alkaline car- 
bonate, which, by donble decomposition^ precipitates the 
lime in the form of chalk. 

13. Ground gypsum is frequently used in agricultare, 
as a manure for clover, peaa, beans, &c* It is believed to 
act by furnishing lime and sulphur to the plants, and by 
absorbing the carbonate of ammonium found in the air 
and in rain-water. It is said to fix the ammonia ; this it 
does by donble decomposition, whereby the volatile carbon- 
ate of ammonium becomes the non-volatile sulphate ; and 
the gypsum or sulphate of calcium becomes carbonate of 
calcium or chalk. 

CaS04+(NH4)aC03 «= (NH4) S04+CaCQ3. 

£r. b, — Pat into a glass a few spoonfals of a saturated solution of 
chloride of calcium, and add to it gradually, drop by drop, sulphuric 
acid. If these two liquids be stirred together with a glass rod, ^ey 
become converted into an opaque, white, apd almost solid mass of 
sulphate of calcium. 

14. Sulphate, of Magnesium, MgSO^y+THsO, is well 
known by the name of Epsom salts, having been first ob- 
tained from' a spring at that place. It is found in sea- 
water, and in many mineral springs. It has a bitter, 
nanseous taste,' is very soluble, crystallizes readily, effloresces 
slightly when exposed to the air, and is much used as an 
aperient medicine. 

; 15. It is manufactured in large quantities by the action 
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of* d^tff sttl^hmrie ncid on magneaian lime stone (a native 
carbonate of calcium and magnesiam)* Sulphates of cal« 
cium and of magnesium are formed, but the latter being 
very soluble, is easily separated from tbe slightly soluble 
sulphate of calcium, by adding a little water to the mix- 
ture, and filtering. 

16. Sulphate of magnesium is also frequently obtained 
by the action of sulphuric acid on bitterny that is, the- 
liquid which remains after the extraction of the common 
sait from sea-water. 

This bittern, so called from its bitter taste, consists- 
chiefly of sulphate of magnesium and chloride of magne- 
sium. On being boiled with sulphuric acid, the chloride* 
of magnesium is decomposed, and sulphate of magnesiuuL 
formed. 

The latter process is preferred, when the sulphate of magnesiam ii^ 
prepared for the purpose of being conyerted into tbe carbonate, on 
account of tbe absence of iron, which metal is generally present in 
the salt prepared from magnesian limestone. 

On the other hand, the former process, i 17, is preferred for medical 
purposes, because the salt is free from chloride of magnesium, and 
consequently not deli^uetceni, and may be obtained very nearly pure. 

17. Sulphate o{ MTimiauni (Se8qui-sulphate),A\S^0^-^ 
18H,0, may be prepared by boiling calcined (or burnt) 
clay in sulphuric acid ; it is a very soluble salt, which is 
unaltered in the air ; when exposed to heat, it loses its 
water of crystallization and becomes anhydrous ; heated to 
redness, it is decomposed, the acid beings expelled, while 
pure anhydrous alumina remains. 

Sulphate of aluminum is itself an unimportant compound, but com- 
bines with the sulphates of potassium, sodium, and ammonium, form-- 
ing double salts of great interest, known as alums. 

18. Sulphate of Aluminum and Potassium, Cominon 
AiAm^ Al^K,4iS04+24iH,O, may be prepared by simply 
miMing together the snlphates of aluminum and potassium, 
but it is generally obtained from a kind of slaty clay or 
shale^ which contains much iron-pyrites^ bisulphuret of 
iron, FeSs, by the following process. 
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The alaminoai tbale, or abam-tehiaif is it it termed. Is moderitely 
roasted, then moUtened and exposed to the action of the air, wherry 
the sulphur becomes oxidized into sulphuric acid, which, uniting with, 
the iron and alumina, forms proto-sulphate of iron and aulphate of 
aluminum. 

These salts are dissolved out from the mass by water, the solution 
partly evaporated, and left to cool, when great part of the sulphate of 
iron separates in crystals, and the sulphate of aluminum being much 
more soluble, remains. Chloride of potassium is then added, whereby 
the rest of the sulphate of iron is decomposed, while sulphate of po- 
tassium and chloride of iron are formed. The sulphates of aluminum 
and potassium then combine and form alum, which is separated by 
crystallization, the more soluble chloride of iron remaining in aolu- 
tion. 

19. These steps may be thus stated :— 
1st. Oxidizing influence of the air, 

AlA+3FeS,+210 = Al,3S04+3FeS04. 

2nd. Separation of a part of the sulphate of iron hj 
crystallization, decomposition of the remainder 
by chloride of potassium, and subsequent forma- 
tion of the double salt. 

Alj3S04+3FeS04H-2KCl = (Al^SO,+K,SO0+FeCl,. 

= Al,Ks4S04+FeClj. 

20. Alum has a sweetish, astringent taste, reddens vege- 
table blues, is soluble in eighteen times its weight of cold 
water (60** F.), and in about three-fourths of its weight of 
boiling water. Wlien heated, it becomes anhydrous (burnt 
4ilum) i at a high temperature it is decomposed. 

Alum is much used in tanning, dyeing, calico printing, 
&c. ; and by candle makers, to harden the tallow and render 
it white. 

The pigments called lake*colors, such as crimson*lake, madder«lake, 
carmine, &c., are formed by adding alum to a solution of the coloring 
matter, and then an alkali to precipitate the alumina. 

Jfir. I.— Repeat Bs. a, C^p, zxL 
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21. Alam affords a striking example of isamorp^sm, 
(Chap. XXFILy § 25) ; for the potass may be replaced by 
soda, or ammonia ; and the sesquioxide of aluminam by 
sesqnioxide of chromium or iron without altering the crys- 
talline form of the salt. 

Common alam • =s AlJ^iSO^^ or Al,8SO«+E,S04. 

Soda alum =AlJSh^480^t or AlJBSO^ + 'Nt^O^. 

Ammonia almn = A1,(NHJ,4S04, or Al^SO^ •«• (NHJ,SO«. 
•Chrome alum == Or;K^4SO^, or CrtSSO^+EiSO^. 

•Iron alum =:Fe«Kt4S04, or ¥efiSO^ + KfiO^. 

•Hanganese alum = Mn,Ka4S04 or Mn^S04 + KSSO4. 

A yery pure alum (Rotnan aAim) is obtained in tlie Boman States, 
by simply heating a mineral termed alum'ttone, till sulphurous acid 
begins to escape from it, and then dissolving the residue in water. 

Alum-stone contains an insoluble subsulphate of alumina with 
sulphate of potass. The heating has the effect of separating the 
excess of alumina, so that a neutral sulphate of alumina is formed ; 
which, uniting with the sulphate of potass, forms alum. Alum-stono 
appears to be continually produced at the Solfatara, near Naples, and 
in other Tolcanic districts, by the joint action of sidphuroas acid and 
oxygen upon trachyte, a Tolcanic rock composed idmost entirely o. 
feUpar^ which is a double silicate of alumina and potass^ 

Al43Si04-f K4Si04 = 4(AlKSi04). 

22. Proto-sulphate or Sulphate of Iron, Copperas^ 
or Green vitriol^ FeS04H-7HsO. — This very common, but 
important salt is obtained on a large scale by exposing tron- 
pyrites, bisulphuret of iron, FeSs, to the action of air and 
moisture. By absorbing oxygen, the sulphur becomes 
sulphuric acid, and the iron, protoxide of iron, — these 
combined, form protosulphate, or, as it is more simply 
termed, sulphate of iron. As, however, there is a great 
excess of sulphuric acid formed, pieces of old iron are 
added to saturate or neutralize it, and the salt is obtained 
in crystals, on evaporation. 

* These substances are termed alumt^ although they contain no 
slomina, because they are obtained from alum by substitution.r 
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23. Salphate of -iron is soluble in about twice its wei^t 
of cold water, and has a disagreeable, inkjr taste; iti 
•crystals, which are of a green color, effloresce in dry aii; 
but oxidize slowly when exposed to moisture, beings chuiged 
on the surface into perttdphate of iron, and becoming of t 
rusty, reddish color.* 

24. Sulphate of iron, when moderately heated, loses six 
^eyenths of its water of crystallization, and becomes white ; 
if exposed to a greater heat, it becomes nearly anhydrous, 
and. when heated to redness it is decomposed, as shewn in 
the process for obtaining Nordhausen, or fuming sulphuric 
acid, Chap, xiv., § 18— 

4reS04+H»0 = 2FeA+2SO.+HA2S03. 

£x. c. — Drop some crystals of protosulphate of iron into sfronff 
sulphuric acid, or alcohol, they will not be dissolved, but be conTerted 
into a white powder (anhydrous sulphate of iron), the liquid hsTing 
deprived the salt of its water of crystallization. 

25. Persulphate or sesqui-sulphateof Iron, FcsSSO^; this 
substance, which is a sulphate of the peroxide of iron, is ob- 
tained by oxidizing the protosulphate, as shewn in the last 
two paragraphs ; or, more easily, by adding to a solution of 
the common sulphate, as much sulphuric acid as it already 
contains, heating the mixture to the boiling pointy and 
then gradually dropping in nitric acid, so long as it darkens 
the solution. On evaporation, a reddish brown, uncrystal- 
lizable mass is obtained, which slowly dissolves in water. 

Persulphate of iron combines with sulphate of potass, soda, or 
ammonia, forming a substance already noticed as iron-alum, similar 
to common alum, in taste, composition, and form o£ OTStals. 

26. Common sulphate of iron is much used for dyeing 
dark colors, for making ink, and as a tonic in medicine. 

• " Whence the French term cotgrerose applied to them, corraptod 
into ooppereu,** — Brande, 



SULPHATSS. 223 

£r; <2.— To a sfolutiim of sulphate of iron, wiA . tome loHittoii «f 
nutgalls (or a few drops of the tincture of galls), a bluish-blaok 
precipitate is formed, a tanno-gallate of the protoxide of iron. If 
this ^precipitate be held in suspension in the water by means of a little 
gum dissolved in it, we have common ink. 

The color darkens by degrees, in conseqnende of the peroxidize-' 
ment of the iron, by the action of the air. But ink affords a more 
durable writing when used in the pale state, because its particles are 
then finer, and' penetrate the paper more intimately. When ink con 
sists chiefly of tanno-gallate of peroscide of iron, however black, it is 
merely superficial, and is easily erased or effaced. 

Ex. e. — Add some hydrochloric acid to the bfaek solution just 
made, the color will disappear; sohible chloride of iron is formed. 

Ex. f. — Instead of solution of galls, in the last experiment, add a 
little solution of ferrc-cyanide of potassium, a blue precipitate will be 
formed (Prussian blue) ; deep bluei if jpersulphate or any p«rsalt or 
iron be used, and pale blue, darkening on exposure to the air, if /to- 
^osulphate or any j^rotosalt of iron be employed. 

27. Sulphate of Copper, CaS04, the common blue 
vitriol of commerce, is much used in the arts, for pre- 
cipitation by the electrotype process, and as the source of 
numerous paints and dyes^ and in surgery as an external 
caustic application. 

28. Sulphate of copper may he prepared hy dissolving 
oxide of copper in sulphuric acid {Chap. xiv. §§ 12, 13) ; 
it is obtained in considerable quantities, and very pure, in 
certain processes for refining gold and silver^ termed part^ 
ing ; and is manufactured on a large scale hy exposing 
sulphuret of copper, copper pyrites, CuS, to the action of 
air and moisture, the latter process being analogous to that 
aheady described, § 22, for preparing sulphate oi; iron. 

Ex. g. — ^Make a very weak solution of sulphate of copper, and add 
to it liquid ammonia ; it will become of a most beautiful blue color, 
such as we see in the shop windows of the chemists. 

29. Sulphate of Zinc, ZnSO^; this suhstance, for- 
merly called white vitriol, is prepared on a large scale hy 
roasting and oxidizing the sulphuret of zinc, zinc blende, 
ZnS 3 it is also the residue formed in the usual process for 
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obtaining hydrogen gas. Chap. t. § 13. It is reiy simikr 
in appearance to sulphate of magBesinm, and is not nnfre- 
qnenUy nsed in medicine as an emetic, and as a cooling 
application in inflammation of the eyes. like all the 
other salts of sine, it is poisonons. 

EXERCISES ON CHAPTER XXIX. 

1. "What are tnlphates, and how may they be formed ^ 

2. How are sulphates naturally formed ? 

3. How may a soluble sulphate be recognised ? 

4. How may an insoluble sulphate be analysed } 

5. How are the sulphates affected by heat ? 

6. What effect is produced by heating the sulphates with Asr« 

coal? 

7. Describe the preparation and uses of sulphate of potass. 

8. How is sulphate of sodium prepared, and for what is it used t 

9. What is sulphate of barium, and for what is it used ? 

10. What are alabatter, gypsum^ Mdenitty and plaster of Paris ? 

11. What is the cause of plaster of Paris MetHng or hardening ? 

12. What is meant by water htan% permanently hard? 

13. Of what use is sulphate of calcium in agriculture ? 

14. State the composition and properties of Epsom salts. 

15. How is sulphate of magnesium generally prepared ? 

16. How may sulphate of magnesium be obtained from sea-wster ? 

17. How is sulphate of aluminum formed ? 

18. What is common alum, and whence is it obtuned P 

19. Describe the process of the alum manufacture. 

20. State the properties of alum. 

20. For what is alum used ? 

21. Describe the different forms of alum. 

22. How is the common or j^roto-sulphate of iron obtained? 

23. State the properties of sulphate of iron. 

24. How is sulphate of iron affected by heat ? 

25. What is persulphate of iron } 

26. For what is sulphate of iron used ? 

27. For what is sulphate of copper employed? 

28. How is sulphate of copper obtained F 

29. State the mode of preparation and the uses of sulphate of sine; 
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CHAPTER XXX. 

KITBATES. 

Nitric acid = HNO,. 

1. The Kitrates may be prepared by the direct action 
of nitric acid on the metals, metallic oxides, or metallic 
carbonates ; in the first case with decomposition of the 
acid, (see Chap. viii. § 14) ; and in the last case with evo- 
lation of carbonic acid. 

2^ All the nitrates are soluble in water, and they are all 
decomposed by heat and by sulphuric acid. 

The only native nitrates known are those of potassium, sodium, cal- 
cium, and magnesium. 

3. Hitrate of Potassium, saltpetre , KNOg ; this yaluable 
salt is formed naturally in the soil and appears as a sort ot 
efflorescence on its surface, in various hot and dry coun- 
tries, and especially in the East Indies, whence most of the 
saltpetre used in Great Britain is obtained. 

4. In France and other parts of the continent it is pro- 
duced artificially in what are termed nitre-beds. These are 
heaps of yegetaole and animal refuse, mixed with old mor- 
tar, plaster, rubbish, or other calcareous* matter, sheltered 
from the rain, but freely exposed for some time to the 
action of the air. In the gradual putrefaction of tfa^ 
animal substances which ensues, their nitrogen combines 
with oxygen and forms nitric acid, this unites with the 
lime and potass present in the heap, forming nitrates of 
calciam and potassium. 

'^ Caleareoui, containing lime. 
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The pluter of old walls frequently contains as macli as 5 per cent. 
of nitre, which appears to arise from the decomposition of the animal 
matter contained in the raortar. 

The formation of nitric acid, above mentioned, takes place only in 
the presence of alkaline substances. When they are absent, the 
nitrogen passes off combined with hydrogen, forming ammonia, NHs. 

Even in the presence of lime there is reason to believe that ammo- 
nia is first formed, and its constituents afterwards converted into 
nitric acid and water, thus : 

NH3 + 4O = HNO3 + H.O. 

5. The mixtnre of nitrates of calciam and potassinm ob- 
tained from the nitre beds is dissolved in water together 
with wood-ashes (carbonate of potassium), whereby the 
former is decomposed, carbonate of calciam being precipi- 
tated, while nitrate of potassinm remains in solution. 

Ca2N0, + K,COs = CaCOa + 2KNO3. 

This solution of nitrate of potassium, as well as that ob- 
tained hy the process of lixiviation* from naturally nitroas 
soils, is then drawn off, evaporated, and crystallized. 

It may be farther purified by re-solution and crystalliza- 
tion several times repeated. 

6. Nitrate of potassium crystallizes in the form of six-sided 
prisms ; is annydrous, colorless, and inodorons ; has a 
cooling saline taste ; and is readily soluble hoth in hot and 
cold water. At about 616° it fuses without change, and 
cools in a white mass, sometimes cast into cakes or balls, 
{»al prunella). At a higher temperature it is decomposed, 
affording abundance of oxygen gas. 

'^ One pound of nitre yields about 12,000 cubic inches ot oxygen 
sufficiently pure for many common experiments ; it is, of course^ mixed 
with a portion of nitrogen." — Brands, 

Ex, a.~The cold produced by saltpetre mixed with water is very 
great, so that if one part of powdered nitre be mixed with five of 
water, the thermometer which stood at 60* in the water, will sink to 
45' or even lower, in the mixture. 

* Lixiviation is the separation of soluble substances from a mass of 
matter, by pouring water over it, as in obtaining carbonate of potas- 
lauiu lioui Mroud ttdhes. 
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7. Saltpetre is powerfully antiseptic, that is, it preserves 
animal substances from putrefying, hence it is used with 
common salt, for salting meat, to which it imparts a red- 
dish color. It is the chief source of nitric acid, which is 
obtained from it by the action of sulphuric acid, (see 
Chap. viii. § 21). In medicine it is used in small doses as 
a sedative, but in quantities of more than half an ounce it 
is poisonous. The principal use of saltpetre, however, is 
in the manufacture of gunpowder. 

8. The large quantity of oxygen contained in nitrate of 
potassium, and the readiness with which this salt may be 
decomposed, render it most suitable for rapid and sudden 
combustion, hence it is the chief ingredient in gunpowder 
and fire works. 

Sulphur, phosphorus, carbon, and most of the metals 
when in filings or powder, deflagrate (i.e, burn suddenly 
and vividly) if thrown on red hot nitre, sometimes with a 
considerable explosion. ' 

£x. h. — Mix together three parts of nitre, two of dry carbonate of 
potassium and one of sulphur. Put a few grains of this powder into a 
ladle, and place it over a fire, so that the powder may heat very gra- 
dually. It will, in a minute or so, turn black, fuse, emit a faint blue 
flame, and then explode with a tremendous report. 

Ex. e. — Heat some nitre to redness in a crucible, throw a little suK 
phiur into it, combustion of the sulphur will take place, nitrogen 
escape, and a mixture of sulphate and sulphite of potassium remain. 

Ex. d. — ^Throw some shreds of phosphorus upon red hot nitre, in- 
stant inflammation will ensue, and a phosphate of potassium be formed 
while a large quantity of nitrogen escapes. 

Ex. e. — A mixture of five grains of powdered nitrate of potassium 
with one grain of phosphorus, will produce a very violent explosion 
when struck on an anvil by a hot hammer. Nitrogen gas, phosphoric 
add, and phosphate of potassium, are the results of this decomposition. 

Ex. f. — If half an ounce of nitrate of potassium be heated in a cm- 
dble, and a quarter of an ounce of powdered charcoal be thrown into 
it, a brilliant combustion will take place. The new products are car- 
bonate of potassium, which remains in the crucible, and carbonic acid 
and nitrogen gases, which escape. 

Q2 
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9. Gunpowder is a mecbanical mixtnre of saltpetre, 
charcoal, and sulphur, in different proportions, according 
to the purposes to ii?hich it is to he applied. 





Nitre. 


S¥lphvr. 


Chare, 


Common powder 


75 


121 


m 


Shooting ,f 


78 


10 


12 


Miners' ,, 


65 


20 


15 



The larger the proportion of sulphur, the less powerful will be the 
explosion of the powder, and the less will it be injured by damp. 

10. The explosive violence of gunpowder depends upon 
the sudden production of gaseous compounds, which are 
at the same time greatly expanded by the heat evolved. 
The gases given off are carbonic oxide, carbonic acid, 
nitrogen, and sulphurous acid, while the solid matter that 
remains, consists chiefly of sulphuret of potassium, with (oc- 
casionally) sulphate and carbonate of potassium and char- 
coal. 

11. ITitrate of Soda, cubic nitre, NaNOj ; this substance 
is known in commerce as Chili saltpetre, large natural beds 
of it having been found in that country. It may be em- 
ployed in many cases instead of nitrate of potassium. 

Professor Proust says, " that five parts of nitrate of sodium, with one of 
charcoal, and one of sulphur, will bum three times as long as common 
powder, so as to form an economical composition for fireworks. It, 
however, gets damp by exposure to the air, which the compositions of 
saltpetre do not, ii' the salt be pure." 

12* Nitrate of Calcium, Ca2NOs: this substance abounds 
in old mortar and plaster walls, and is formed in the nitre- 
beds, as already mentioned. It deliquesces on exposure to 
the air. No use is made of it except in the manufacture 
of saltpetre, § 5. 

13. Nitrate of Ammonium, (NH4)N0„ is a deliques- 
cent salt, very soluble in water, prepared by neutrabzing 
dilute nitric acid with carbonate of ammonium and evapo- 
rating the solution. When carefully heated to between 
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400^ and 500^, it is decomposed into protoxide of nitrogen 
(laughing gas), and water. (See Chap, Fill., § 11.) 

N,0 + 2H30. 

At 600^ it explodes with considerable Tiolence. 

14l Nitrate of Silver, lunar eatutie, AgNOg, is easily 
prepared by dissolving silver in dilate nitric acid; the 
solution, if pare, is perfectly transparent and colorless ; 
white, anhydrous crystals, in the form of thin plates, may 
be obtained by evaporation. 

15. Nitrate of sUver fuses at 426®, and may be cast into 
small, cylindrical (pencil-like) sticks ; in this form it is 
used by surgeons as an external application, to cauterize 
or burn away diseased flesh, warts, &c. At 700* it is de- 
composed into oxygen, nitrous acid and metallic silver. 

Ex. g. — Throw a few crystals of nitrate of silver on red-hot chv . 
coal, they will be decomposed, light and heat will be evolved, and the 
charcoal covered with ispangles of metallic silver. 

16. The nitrate (like the other salts of silver) is decom- 
posed and blackened on exposure to light, and is no longer 
perfectly soluble in water. When in contact with organic 
substances it communicates to them, after a short time, a 
deep purple or bl.ick tint. This blackening is due to the 
separation of finely divided metallic silver, while the caustic 
e£fect of the salt is produced by the nitric acid. 

17. This tendency of nitrate of silver to become black 
when exposed to light, occasions it to be much used for 
marking linen, for dyeing the hair, and especially for pho- 
tographic purposes. 

JEx. h, — ^Dissolve a little nitrate of silver in a wine-glass full of 
water, and immerse in it a slip of bright, clean, copper. Decompo- 
sition will take place, the copper unites with the nitric acid formiog 
nitrate of copper, and the silver will be precipitated. 

2A2N03+CU = Cu2NOa+2Ag. 

Ex. i. — A still more beautiful effect takes place when several drops 
of a solution of nitrate of silver are let fall on a plate of polished oop- 
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per. Here, in a rmj ilMfft tune, a brilliaiit predpiUtion of metallie 
Mlver will take place, in an arborescect or branching form. 

fir. i^^^Immene a pieee of white silk ribboo in a solution of nitrate 
of ailver, and while wet expose it to a stream of hydrogen gas ; it will 
at first be blackened, and afterwards become silvered by the redoction 
of the metaL Ivory, marble, and other bodies may be stained black, 
or even silvered, by moistening them with nitrate of silver, and ex- 
posing them to the full power of the snn^s rays. If two or three coat- 
ings be applied, and the artides polished, when dry, with a piece c^ 
leather, they vrill have the appearance of silver. 

Ex. L — ^Nitrate of silver, like the nitrates of potassium, fte., explodes 
with charcoal, sulphur, or phosphorus, wiien struck with a hot ham- 
mer. N.B. Very small qoantides of the snbstances should be em- 
ployed, and great caution exercised. 

18. Vitrates of Meremy. There are seTeral nitrates of 
mercury ; they are of little use, and their tme composition 
is not well ascertained. The Protonitrate of Meronry, 
(nitrate of the protaxide)^ UgNO,, is valuable as a chemi- 
eal test. 

19. Hitrate of Copper, Ca2N0„ is prepared by the 
action of nitric add upon copper, (see Chap, FIIL, § 14.) 
Its crystals are of a deep blue color, very deliquescent and 
soluble ; when heated to redness, they yield protoxide of 
copper, CuO. 

JEr. m. — ^Wrap some cr3rBtal8 of nitrate of copper in tinfoil ; while 
dry, no chemical action tikes place, but moisten them with a drop of 
water, and soon heat will be evolved and sparks of fire flash out. 

20. Hitrate of Bariiim, Ba2N03; and Kitrate of 
StrontiiiiiL, Sr2N03. — ^These salts are not mach used ex- 
cept in the manufacture of coloured fires. The salts of 
barium give a green, and the salts of strontium, a red colour 
to flame. Nitrate of barium is sometimes used as a test 
for sulphuric acid. 

Ex. n.^Red Fire. Take 40 parts of dried nitrate of strontium, 13 
of sulphur, 4 of sulphuret of antimony, and 5 of chlorate of potassium. 

Ex. 0. — Green Fire. Use 77 parts of dried nitrate of barium in tha 
preceding, instead of nitrate of strontium. 
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EXERCISES ON CHAPTER XXX. 

1. How may the nitrates be prepared ? 

2. State tome general characteristics of the nitratei. 

3. Where is nitrate of potassium found native ? 

4. What are niire beds? 

5. How is nitrate of potassinm obtained from the nitre beds f 

6. State some of the properties of nitrate of potassium. 

7. Name some of the chief uses of nitrate of potassium. 

8. Why is nitre adapted for fire-works, &e, ? 

9. What is gunpowder ? 

10. How may the explosive force of gunpowder be accounted for f 

1 1. Whence is nitrate of sodium obtained ? 

12. How is nitrate of calcium obtained ? 

13. State some of the properties of nitrate of ammonium. 

14. How is nitrate of silver obtained ? 

15. How is nitrate of silver affected by heat ? 

16. How is nitrate of silver affected by light and organic matter? 

1 7. What are the chief uses of nitrate of silver ? 

18. Give the formula of protonitrate of mercury, and state its uses. 

19. What is nitrate of copper ? 

20. For what are the nitratea of barium and strontium employed } 



CHAPTER XXXI. 

PHOSPHATES, OHLORATES, 1ST0. 

1. Three different forma of phosphoric acid exist :-^ 

Phosphoric Acid (tribasic) • • :ss HsPOf. 

Fyrophosphoric Acid (dibasic) . «=* H4P.P7. 

Hetaphosphorio . „ (monobasic) = HPO,. 

The phosphates, with the exception of those of the alka- 
lies, are but sparingly soluble in pure water ; they are all 
dissolved, without effervescence, in an excess of phosphoric 
or nitric acid. 

2. Bhombic Phosphate of Sodium, Na,HP04 + 12H,0, is a 
tribasic phosphate, having an alkaline reaction ; it is occa- 
sionally used in medicine as a purgative (sal perlatum), and 
in chemistry as a re-agent for procuring the other phosphates. 
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Sl If common or caustic soda be added to a solation of 
the rhombic phosphate of sodium, the atom of replaceable 
hydrogen in each atom of the phosphate will be replaced by 
sodium, and a neutral phosphate of sodium, Na3P04, some- 
times termed Subphosphate of Sodium, will be obtained. 

4. If phosphoric acid be added to a solution of the com- 
mon or rhombic phosphate of sodium, a Superphosphate 
or Acid Phosphate ox Sodium, will be formed, NaH^POf. 

5. By strongly heating the common phosphate of so- 
dium, all the water is expelled, and Pyrophosphate of So- 
dium, Na4Pj07, remains ; for Na4Pj07 = 2Na2HP04— HjO. 
An acid pyrophosphate of sodium is also known, having 
the composition, NasHgPiO;. 

G. When either superphosphate of sodium, or micro- 
cosmic salt, is strongly heated, water, or water and ammo- 
nia are driven o£f, and a monobasic phosphate remains, 
termed the Meta^phosphate of Sodium, having the com- 
position, NaPOs. 

Ex. a. — The tribasic phosphates of soda give a bright yellow pre- 
cipitate when added to a solution of nitrate of silver. The monobasic 
and dibasic phosphates give a white one. 

7. Microcosmic Salt is a double phosphate of sodium and 
ammonium, Na(NH4) HPO4+4H2O, much employed as Ajiux 
in blowpipe experiments. Both the ammonia and water 
are driven off by heat, and a very soluble and fusible glassy 
substance (metaphosphate of sodium) is left. 

8. The phosphates of sodium are instances of the forma- 
tion of different substances by substitution or replacement, 
as in the following series of tribasic phosphates, in which 
either one, two, or three of the atoms of hydrogen in the 
acid, may be replaced by one, two, or three atoms of another 
metal : thus — 

Subphosphate of Sodium = Na,Na,Na, \ 

Rhombic Phosphate „ = Na,Na,H, / -^ 

Superphosphate „ = Na,H,H, \^^* 

Microcosmic Salt « Na,(NH4)H, J 
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Similarly,— » 

Pyrophosphate of Sodium, fa) = Na2,Na2, ) 

„ „ (^)=Na„H,. r'^^'- 

9. Phosphate of Calciuni exists in several forms corre- 
spending to the phosphates of soda already named. The 
most important of these is the hone-earth phosphate, 
Cas2P04, so termed from its being; the principal mineral 
ingredient in bones (see Chap. XV, §§ 5, 6): it is obtained 
by heating the bones of animals till all the organic matter 
is dispelled. 

10. Since the bones and flesh of animals contain various 
phosphates, these must be supplied by the food on which 
they live. They are, therefore, found in large quantities in 
the grain and seeds of plants. Every crop removes some 
of the phosphates from the soil, and will thus diminish its 
productiveness. Hence burnt bones are valuable as a ma- 
nure, for they restore to land those earthy phosphates 
which are indispensable to first-rate crops of grain. 

" Phosphate of calcium is essential to the healthful growth of corn ; 
a soU may be apparently rich, and produce abundance of straw, but if 
phosphoric add and lime be deficient, the wheat will be light and 
smaU." 

11. Phosphate of calcium occurs native in the minerals 
apatite and phosphorite. Massive beds of it are found 
at Estremadura in Spain, and also in the United States. 
It forms the burnt hartshorn of the druggist, and is used 
for absorbing grease from cloth, for making cupels, (see 
Chap, XXVI. § 20), and for preparing phosphorus. 

12. The Chlorates, MCIO,, very much resemble the ni- 
trates ; they deflagrate, however, with greater violence, 
when mixed with inflammable substances. They are de- 
composed by a red heat, nearly all of them being resolved 
into metallic chlorides, and evolving pure oxygen gas. 

MClO, = MCI +30. 
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18. Chlorate of Fotas8iimi,KClQi. — This interesting ult 

may be prepared by passing 
a current of chlorine gai 
through a solution either of 
potassium, or of carbonate 
of potassium » till the gas 
ceases to be absorbed. 'Hie 
liquid which contains both 
chlorate and chloride of 
potassium may be partially 
evaporated and allowed to 
cool, when crystals of chlo- 
rate of potassium will be deposited ; by further eyapora- 
tion and cooling, crystals of the more soluble chloride of 
potassium may be obtained. 

In this process six atoms of chlorine act on six atoms of 
potassium, thus,— • 

6Cl+8KjO = 6Ka+KC10,. 

Any free chlorine is expelled from the solution by heat. 
If carbonate of potassium be used instead of caustic po- 
tass, the carbonic acid is displaced with effervescence. 

SSaCOj-f 6C1 = 6KC1+KC108+3CO,. 

14. Chlorate of potassium crystallizes in anhydrous fonr 
and six-sided scales,' of a pearly lustre, soluble in twenty 
parts by weight of cold, and two of boiling water. It 
is much used for forming lucifer matches, which may be 
distinguished from simple phosphorus matches by the 
crackling noise they make when rubbed. 

B*, £.— See Ex.f.f page 64. 

Ar. c— Rub together in a dry mortar one grain of chlorate of 
potatsiam and half a grain of tnlphor — a succession of explosioot. 
like che cracking of a whip, will take place, accompanied with a pur- 
plish Ught. 

/fir. d. — Mix ear^fitUp together two grains of chlorate of potassiam 
and one of sulphur ; wrap the mixture in a piece of strong paper, and 
strike it with a hammer on a stone or anvil ; a lend report iHU bs 
iastantlf produced. 
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JSr. tf. — ^Miz toj^ther equal weights of chlorate of potassium and 
loaf sug^i hoth previously reduced to powder ; place the mixture on 
a tile or plate, and let fall on it from a tube or rod, a single drop of 
•trong sulphuric acid ; a sodden and violent combustion will ensue. 

Ex.f, — Put into a tall, narrow glass of water a little chlorate of po- 
tassium and a few shreds of phosphorus, and then, by means of a long 
dropping tube or funnel, pour to the bottom a few drops of strong 
sulphuric acid ; violent action ensues, and the phosphorus burns under 
the water, the combustion being supported by the chlorine and gaseous 
compounds of chlorine and oxygen evolved by the decomposition of 
the salt. 

N.B. Chlorate of potassium must never be kept ready mixed with 
inflammable bodies, for such mixtures sometimes explode spontanea 
ously. In all experiments with these substances, only very small quan • 
tUies should be used, and great caution must be exercised. 

15. Biborate of Sodium, borax, Na2B4O7+10H2O.— This 
Bcbstance occurs in the waters of certain shallow lakes in 
Persia, India, and Thibet, and forms an incrustation on 
their banks. In its impure state it is imported into 
England under the name of tincaU 

16. fiorax crystallizes in six-sided prisms, which efi9o- 
resce in dry air ; it is soluble in about twenty times its 
weight of cold water. When heated, it swells up, owing 
to the escape of the water of crystallization, and becomes 
anhydrous ; at a higher temperature it fuses, and on 
cooling forms a transparent glass. Its chief use is as a 
fiuxy and for soldering metals. 

17. The object of employing borax in soldering, is to 
keep the metallic surfaces clean ; this it does by dissolving 
the coating of oxide, and forming with it a glass which is 
fluid at a high temperature, and easily moved aside by tbe 
melted solder. • 

Borax is also much used as a flux in blowpipe analysis, 
owing to its forming colored glasses with various metallic 
oxides. 

Ex. g. — Place a fragment of borax on a piece of charcoal, and heat 
it by the blow- pipe flame till it ceases to swell out, and haa become 
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anhydrous ; drop on it a little nitrate of cobalt, and then fuse it 
af^ain, a blue glass will be the result. Oxide of silyer similarlj treated 
pires an opaque milk-white glass ; oxide of manganese, a violet ; ox- 
ide of nickel, an orange-red ; &c. 

JEr. h. — DissoWe some borax in hot water, soak some paper, or 
pieces of rag in the solution, and let them dry. It will be impos- 
sible to vnHame them, though they will gradually bum away. 

18. The Silicates, or compounds of silica with yarions 
bases, M4Si04, form a large class of componnds» for the 
most part insoluble in water, and yariously colored. They 
make up a very considerable portion of the earth's crust. 
The different kinds of glass and imitation jewels are arti- 
ficial silicates. 

19. Talc, French chalk, and soapstone, are silicates of 
magnesia, MgaSi04. 

Serpentine is a double silicate of magnesia and iron, 
MgFeSi04. 

Clay is Silicate of Alumina, Al43Si04, combined with 
more or less oxide of iron. 

The several varieties of Feldspar consist of silicate of 
alumina, combined with silicate of potass, soda, &c. 

Al48Si04-hK4Si04; or, AlKSi04.* 
See also Chap, XVIII. § 8, and Chap. XXII. §§ 6, 7. 

20. Silicate of potassium and sodium form a soluble 
gkss (Chap. Xril. § 10). 

Common window gloM is a silicate of sodium and calcium. 

Crown glass and plate glass are silicates of potassium 
and calcium. 

Flint glass is a silicate of potassium and lead. 

Bottle glass is a silicate of aluminum, iron, and potas- 
sium or sodium, the colour being due to the impurities of 
the materials. 

Various metallic oxides are added to the melted silicates, 
to produce glass of different colours. 

• if silicic acid be taken as dibsiic (HsSiOs) these formula will be : 

MaSiO,; MgSiOss MgFe2SiOs; AUSSiOs; AlsSSiO, + K,SiOa, 

or AlK2SiO^ 
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21. The Chromates, M2C3O4, present a great variety of 
beautiful colours, and are therefore much used as dyes and 
pigments, or as tests. They are, for the most part, iuso- 
luble in water. 

22. Chromate of Potassium, E2Cr04, is a valuable salt, 
by means of which most of the other chromates may be 
prepared. It forms crystals of a beautiful yellow colour, 
soluble in about twice their weight of water at 60®. When 
strongly heated, it acquires a red colour, but becomes yel- 
low again on cooling. When fused it loses oxygen, and 
becomes green ; green oxide of chromium being formed, 

CrA. 

23. Chromate of potassium is prepared from chrome-iron 
ore, (a native compound of sesqui-oxide of chromium and 
protoxide of iron, CraOa+FeO), by strongly heating it either 
in a crucible, or a reverberatory furnace, with about one- 
fourth its weight of nitrate of potassium, and then dissolving 
out the soluble matter by means of water. The solution 
yields, by evaporation, anhydrous crystals of chromate of 
potassium, which are isomorphous with those of sulphate 
of potassium. 

In the above process, the nitrate of potassium is decom- 
posed, giving a portion of its oxygen to each of the metal- 
lic oxides, whereby the protoxide of iron, FeO, becomes 
the per- or sesqui-oxidey Yefi^ ; while the sesquioxide of 
chromium, CrgOg, becomes chromic acid, H2Cr04, which 
immediately combines with the potassium to form chro« 
mate of potassium, E3Cr04. 

24. Bichromate of Potass, KiCr^Oj, is obtained by re- 
moving half the potassium of the neutral chromate, by the 
action of sulpburic, nitric, or acetic acid : thus,-^ 

2 (K2Cr04) + H,S04 = K,SO, -f K^Cr^O; + H.O. 

If sulpharic acid be used, the sulphate of potassium formed is not 
readily separated from the bichromate. The purest bichromate of 
potassium is obtained by using acetic acid. 
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25. Bichromate of Potassiam is much employed in dye- 
ing and calico printing. It forms beautifal red crystals, 
soluble in 10 parts of water at 60^. At a red heat it fases 
without decomposition, but at a white heat, half the acid ia 
decomposed, oxygen is evolved, and a mixture of sesqui- 
oxide of chromium and neutral' chromate of potass re- 
mains : — 

2(Kfirfi7) = CrA+2(K3Cr04)+30. 

26. Chromate of Lead, Chrome yellow, PbCr04. — This 
substance, which is mucli used by dyers and painters, is 
formed by adding a solution of chromate or bichromate of 
potass to one of acetate or nitrate of lead. It is insoluble 
in water, but soluble in nitric acid or in potass. 

When chromate of lead is boiled with caustic potass or 
lime water, one-half the acid is withdrawn, and an orange- 
coloured subchromate of lead remains, 2PbCrO« (chrome 
orange), 

2(PbCr04) + K3O = K2Cr04 + 2PbCrO^ 

When chromate of lead is gradually added to saltpetre 
in a state of fusion, at a gentle heat, a beautiful red sub- 
chromate is formed, termed chrome red, 

Ex. i, — Dip some pieces of white linen or paper in acetate of lead 
and allow them to dry ; then dip them in a solution of chromate of 
potassium ; thej will be dyed yellow ; pass them into some boiling 
time water, they will become orange-coloured. 

Eap. k. — ^Prepare a series of glasses containing solutions of variocu 
metallip salts in distilled water ; add to each a few drops of solution 
of chromate of potassium, and notice the colours of the precipitates 
formed, which will be chromates of the several metals. 

27. Arsenite of Potassium, KgAsOs, is formed by boil- 
ing arsenious acid (common white arsenic) in water, with 
an equal weight of carbonate of potassium. 

The alkaline arsenites are soluble and uncrystallizable. 

2d. Arsenite of Copper, CuHAsO|. — This beaatiAd 
green powder, known as ScheeWs green, is the precipitate 
formed by adding arsenite of potassium to sulphate of copper. 
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Bx. I. — Add a few drops of a solution of arsenious acid to a small 
quantity of a solution of the sulphate, nitrate, or acetate of copper. 
The liquid remains quite transparent and colourless, the arsenious 
acid not having so great an affinity for the oxide of copper as the acid 
with which it is already combined. If a small quantity oi an alka- 
line solution (potass or its carbonate) be now added, the alkali will 
unite with the acid of the salt employed, and remain in solution, and 
the arsenious acid combining with the oxide of copper, will form ar- 
senite of copper, which is insoluble in water, and is precipitated of 
a grass-green colour. 

29. The other metallic arsenites may be formed by 
doable decomposition, in a similar manner to arsenite of 
copper. 

Arsenite of Silver^ AgsAsO,, is white, quickly changing 
to yellow, and finally to brown. 
Ex. m.— See Ex. k., Chap. XXV. 

30. Arseniate of Fotassinm, E3HA8O4, is formed by 
adding arsenic acid to carbonate of potass ; it is uncrystal- 
lizable and deliquescent. 

If the arsenic acid be in excess, a Binarseniate of Fo- 
tassixim, KH.ABO4, will be formed, which crystallizes on 
evaporation, and can thus be separated from the former. 

Arsenic acid, heated in earthenware tubes, &c., soon cor- 
rodes them by its action on the alumina with which it com- 
bines, forming Arseniate of Alnminnm. 

31. Many of the arsenites and arseniates are found 
native in various metallic ores. 

The precipitate of Arseniate of Silver, AgsAsOf, formed 
by adding arseniate of potassium to nitrate of silver, is 
highly characteristic of arsenic acid, being red^ while the 
arsenite of silver is yellow. 

Ex. n. — Add arseniate of potassium to a solution of the nitrate of 
silver. The arseniate of the metal will be thrown down as an inso- 
luble powder of a brick-red colour. 

32. The arseniates and arsenites may be recognised by 
the garlic-like odour they give off when heated in a tube 
with charcoal. 

The arsenites when heated alone, generally lose part of 
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their and, which Bablimes ; the arseniaies^ onder the Bune 
curcamstancefl, mostly retain their acid. 

The artenites when disaoWed in dilute hydrochloric acid, 
pie a yellow cload of snlpbnret of arsenic with aolphn- 
letted hydrogen, bat the arseniates do not 

EXEBCISES ON CHAPTEB XXXL 

1. How are the phosphates divided ? 

2. What is phosphate of sodium ? 

8. How may suh-phosphate of sodium be obtaioed f 
4. How may acid-phosphate of sodium be obteined ? 
6. How may pyro-phosphate of sodium be obtained P 

6. How may meta-phosphate of sodium be obteined ? 

7. What is microoosmic salt 7 

8. Illustrate the theory of replacement or substitntioii. 

9. What is phosphate of calcium ? 

10. Why are burut bones useful as manure ? 

11. Where is phosphate of lime found native? For, what is it used? 

12. State some general properties of the chlorates, 

13. How is chlorate of potassium prepared ? 

14. What are the nature and propertiu of chlorate of potaaaiiimP 

15. Whence is borax obtained ? 

16. What are the properties of borax P 

17. For what is borax used ? 

18. Describe the silicates. 

19. Stete the composition of talc, serpentine, day, feldspar, and 

granite. 

20. Kame and gire the composition of some artificial silicatea. 

21. Why are the chromates yaluable ? 

22. Describe the chromate of potassium. 

23. How is chromate of potassium prepared P 

24. What are the characteristics and uses of bichromate of potas- 

sium? 

25. How is bichromate of potassium prepared ? 

26. What are ehrome-yeUow, orange-chrome^ and chrome-rtd, and 

how may they be formed ? 

27. What is arsenite of potassium ? 

28. What is Scheel^i green ? 

29. How may the arseniotes be formed ? 

30. G-iye the composition of arseniate and binarseniate of potassium. 

81. Stete a characteristic test of areenic acid. 

82. How may the arsenites and arseuiates be recognised and dis- 

tinguished ? 
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CHAPTER XXXII. 

HALOID SALTS. 
CHLOBIDEB. 

1. Thu Chlorides may be formed, either by the direct 
nnion of their elements (a), or by the action of hydrochlo- 
ric acid on a metal (b), or metallic oxide (c), the hydrogen 
of the acid being replaced by its equivalent of metal. 

(a). As in the combustion of antimony, Chap. xvi. Ex. g. 
Sb+3Cl = SbCl,. 

(6)l. As when zinc is added to strong hydrochloric acid, 
and hydrogen gas is given off. Za+2HC1 = 
ZnCl,+2H. 

(c). As when common salt is formed by adding hydro- 
chloric acid to soda (double decomposition). 
Na,0+2HC1 = 2NaCl-f H.O. 

2. The attraction of chlorine for metals is greater than 
that of oxygen ; hence when a metallic oxide is heated in 
chlorine, oxygen gas is evolved, and a chloride formed. 

All the metals unite with chlorine, some at common 
temperatures, others when more or less heated ; some very 
slowly, others with great energy and rapidity. Minute 
division accelerates the combination. 

Ex. a. — Perform Ex. g., Chap, xvi. 

3. Most of the metallic chlorides are soluble in water, 
and may be readily crystallized; some are wholly insoluble, 
while others exist only in the liquid state. 

The insoluble chlorides may be obtained by adding a 
soluble chloride to the soluble metallic salts. 

Ex. b, — ^Add a drop of nitrate of silver to a clear solution of com- 
mon salt, a milkiness will instantly appear, owing to the formation of 
the insoluble chloride of silver. 

AgNO, + NaCl = NaNO, -f AgCl . 

Hence nitrate of silver is an excellent test for hydro- 
chloric acid. 

B 
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4. The chlorides may, for the most part, be deconposed 
by hydrogen at a red heat, hydrochloric acid being formed, 
and the metal reduced. The noble metaU may be reduced 
from their chlorides by heat alone. 

The chlorides may likewise he decomposed by the action 
of a strong acid, as the sulphuric, (see the mode of obtiun- 
ing hydrochloric acid, Chap. xvi. § 14,) or by a metal 
which has a greater affinity for chlorine dian the one with 
which that element is already in combination : thus chlo- 
ride of silver is decomposed by zinc, &c. 

5. Chloride of Sodium, common salt, NaCl. — ^This sab- 
stance is found, partly in the solid form, as rock-salt, and 
partly dissolved in the waters of saline springs, but most 
abundantly in sea water. 

Sea water contains on an average about 2\ per cent, of 
salt. Its nauseous, bitter taste arises from the salts of 
magnesium which exist in it* 

6. Immense quantities of salt are obtained by evaporating 
the waters of the ocean, or of brine springs, either by ex- 

Eosure to the sun and air, or more generally, by artificial 
eat. 

The salt separates in crystals, while the impurities re- 
main in the small portion of liquid which is not evaporated, 
(mother-water). 

7. Rock-salt is found in beds of great thickness, in 
Cheshire, Gloucestershire, Staffordshire, Spain, Poland, 
and many other parts of the world. To purify it for gene- 
ral use, it is dissolved in water, and the solution evaporated 
and crystallized, as already described. 

8. Chloride of sodium is colorless, inodorous, transpa^ 
rent, and brittle; its specific gravity is about 2.125; it 
crystallizes in anhydrous cubes, which are deliquescent in 
moist air.^ Contrary to the general rule, salt is just as 

• When perfectly pure, chloride of sodium is itnftUered by ezpotura 
to the air ; but it is generally more or less deliquescent, from contain 
ing chlorides of magnesium and calcium. 
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Boluble in cold as in boiling water ; in fact, water at 32^ 
disBolyes rather more than water at 60^. It is insoluble 
in alcohol. Chloride of sodium fuses at a red heat, without 
decomposition^ and at a still higher temperature it is sub- 
limed. 

JSr. e. — Mix together eqnal parta of snow and salt. The two will 
unite and form a liquid — colder than either of the two before mixing. 
A still greater degree of cold would be produced by using chloride of 
potassium instead of salt. 

9: Salt exists in small quantities in many plants, and is 
hence sometimes useful as a manure. It also exists in 
ammal bodies and in the blood, and forms an indispen- 
sable constituent of the food of man and of most animals. 

Salt is used for packing and preserving meat, as it 
retards or prevents putrefaction. It is also employed in 
the preparation of chlorine, hydrochloric acid, carbonate 
of sodium, chloride of ammonium, and several other salts. 

10. Chloride of Potassiiim, KCl, was formerly nsed in 
medicine : it is one of the constituents of sea water, and 
may be formed artificially, either by heating potassium in 
chlorine or in gaseous hydrochloric acid, or by dissolving 
potass (or its carbonate) in that acid. 

Chloride of potassium is the substance left in the retort 
when oxygen is prepared from chlorate of potassium. Chap. 
iv. § 6. It is also obtained in considerable quantities as a 
residue in several chemical manufactures, especially in that 
of the salt last mentioned. It is sometimes used in alum- 
making. 

11. When chlorine gas is passed through a solution of 
potass (or its carbonate), a part of the potass is decom- 
posed $ its potassium combines with chlorine, forming 
chloride of potassium, while its oxygen combines with 
another portion of the chlorine, forming chloric acid ; this 
unites with the undecomposed potaas, and forms chlorate 
of potassium. 

The chlorate of potassium may be readily separated by 

E 2 
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ciystallizatioD, vhile tbe chloride of potassium which re- 
mains ia the mother liquor may be obtained pure by eva- 
poration to dryness and exposure to a dull red beat. 

6Cl-f 6KH0 = KClOj-hSH^O-l-SKCI. 

Em. tf.— Add 1 oz. of the powdered chloride of potassium to 4 oz. of 
water} stir them together, aod a great degree of cold will he produced, 
equal to shout 8 times as great a reductioa as with common salt. 

12. Chloride of Ammonium, sal-ammoniac, NH4CI, was 
formerly obtained from Egypt, where it was prepared by 
the distillation or rather sublimation of camels* dung. 
Pliny says tbe ancients called it sal-ammoniacum, because 
it was found near tbe temple of Jupiter Ammon, in Libya. 
It often occurs native in the neigbourhood of volcanoes, as 
in tbe Solfatara, near Naples, among tbe lava of £tna« and 
in tbe country of Bokhara. 

13. Chloride of ammonium is now prepared on a large 
scale, by saturating with hydrochloric acid tbe ammonia^ 
liquid produced in tbe manufacture of coal gas, or during 
tbe distillation of bones and other refuse, in the prepara- 
tion of animal charcoal. Tbe add neutralizes tbe free 
alkali and decomposes tbe carbonate and sulphide of am- 
monium, with evolution of carbonic acid and sulphuretted 
hydrogen in tbe form of gas. Tbe solutiou is then evapo- 
rated to dryness, and tbe salt purified by sublimation. 

(NH3),H30 + HC1 = (NH,)C1+H.A 
(NHOHS + HCl = (NHOCl-f-H,S. 
(NH4)HC03+HC1 = (NHOCl+HaO+CO,. 

14. Chloride of ammonium is likewise largely prepared 
by decomposing sulphate of ammonium by common salt, 
thus— 

(NH,),S04-h2NaCl = Na,S044-2(NH4)a 

The sulphate of ammonia used in this process is ob- 
tained by adding sulphuric acid to tbe ammoniacal liquid 
mentioned in § 13, and purifying the product. 
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1 5. Sal-amtnoniac is a white salt, haying a sharp saline 
taste ; it ia soluble in water, and crystaliixes in anhydrous 
cubes or octohedra ; it may be sublimed without decompo- 
sition, and when sublimed is tough, fibrous, and difficult 
to be powdered. 

It is used in various processes of metallurgy,* as, for 
instance, in tinning, to prevent the oxidation of the sur- 
face of the copper ; it is also employed in dyeing and 
medicine, as well as in many other arts. 

Aqua regia, which is used as a solvent for gold, is often 
formed by adding nitric acid to this salt, instead of by 
directly mixing the nitric and hydrochloric acids. 

£e. e. — See Ex, d^ Chap, zxiv. 

16. Ghloride of Calcium, CaCU, is found in sea- water, 
and in some saline springs and mineral waters. It is formed 
by heating lime in chlorine, or by dissolving carbonate of 
calcium in hydrochloric acid. It is also a by-product in 
several chemical manufactures, as for instance in that of 
carbonate of ammonium, which is made by subliming a 
mixture of sal-ammoniac and chalk ; Chap, xxviii., § 14. 

4(NH4)Cl+8CaC03 = 2{(NH,),CO3},COa + CaO + 2Ca01,; 

17. Chloride of calcium has a strong attraction for water, 
being one of the most deliquescent salts known. Its taste 
is bitter and disagreeable. It is soluble in alcohol, and 
much heat is evolved during the solution. When fused it 
has phosphorescent properties, and has been termed Horn* 
berg's phosphorus, since he first observed them. Owing 
to its affinity for water, fused chloride of calcium is largely 
used for drying gases. 

Em, f, — Pat half an ounce of chloride of calcium, with the same 
quantity of acetate of lead, or nitrate of sodium, into a mortar — rub 
them together. These salts will part with their water of crystalhzation, 
and become fluid. 

18. There is a substance commonly sold under the 
name of " chloride of lime," which is valuable as a 

* MttaUwrgy=^^t art of working metali. 
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bleaching powder and a disinfectant. The name, *^ cblo« 
ride of lime,*' is incorrect, as chlorine, a simple body, can- 
not combine with lime, which is a compound one. It may 
be more correctly regarded as a hypochlorite of calcium, or 
rather as a mixture of chloride of calcium, hypochlorite of 
calcium, and lime still uncombined. It is a white powder, 
somewhat soluble in water, and having an odour aimilar to 
that of chlorine. 

19. Hypochlorite of Calcium is formed by passing 
chlorine gas through a mixture of lime and water {lime 
white). The chlorine combines with both constituents of 
the lime, forming with the metal, chloride of calcium ; and 
with the oxygen, hypochlorous acid. This acid combines 
with another portion of the lime, and forms hypochlorite of 
calcium. 

2CaH.O,4-4Cl = CaCla+Ca2C10+2HaO. 

20. The solution of so-called chloride of lime has in 
itself very slight bleaching properties, and these principally 
through the action of the carbonic acid of the air, which 
displaces the chlorine. The bleaching effect is instantly 
produced by a drop or two of one of the stronger acids, 
owing to their immediate combination with the lime and 
the liberation of chlorine. (See Chap, xvi. §§ 11, 12.) 

^. ff. — Put a few drops of a solution of indigo into a clear solution 
of the chloride of lime, and add a very little hydrochloric or nitric 
acid; the color of the indigo will be immediately destroyed. The 
same may be tried with the solution of any other animal or vegetable 
coloring matter. 

Ex. h.^Set Ex. b., page 113. 

Ex, t. — Dip a strip of red calico alternately in a solution of hypo- 
chlorite of lime, and in some slightly acid water. Chlorine will be 
set free in the fibres of the cloth, and the color will be very speedily 
discharged. 

Stains from port wine,fruit juice, ink,&c. may be readily removed from 
linen or cotton in this way, without injuring the material, if dilute 
solutions only be used, and sufficient time be allowed. 

*21. Chloride of Barium, BaCl,, is a greyish white salt, 
soluble in water, but insoluble in alcohoL It ia much used 
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a test for sulplinric acid, with which it forms an inso- 
luble white precipitate of sulphate of bariuiD. It may be 
obtained in an anliydrous state, by dissolving native 
carbonate of barium in hydrochloric acid, evaporating 
the solution to dryness, and fusing the residue in a covered 
platinum crucible. If the solution be only partially evapo* 
rated, and left to cool, colorless, transparent crystals will 
be deposited, containing two equivalents of water, fiaCJs't' 
2H.0. 

22. Chloride of Magnesiiun, MgCl„ is the principal in- 
gredient in the liquid which remains after the crystalliza- 
tion of common salt from sen-water. It is extremely 
deliquescent, very soluble in water and alcohol, and has a 
nauseous, bitter taste. It cannot be obtained by evaporat- 
ing its aqueous solution to dryness, for the last portions 
of water are decomposed by the concurrent attraction of 
chlorine for hydrogen and of magnesium for oxygen, so 
that hydrochloric acid is given off and magnesia alone 
remains. 

MgCU + IIaO = Mg0 + 2HC1. 

If, however, equal parts of hydrochloric acid be neutralized, one 
with magnesia and tlie utlier wiiii ammonia, and the hydrated chloride 
of magnesinm and chlonde of ammonium so formed be evaporated to 
dryness, and raised to a red Itent, the water is driven off, tlie chloride 
of ammonium sublimes, and chloride of magnesium remains in a fused 
state. 

23. Chloride of Zinc, ZnC1„ is readily prepared by dis- 
solving the metal in hydrochloric acid. It is deliquescent 
and soluble both in water and alcohol. Its aqueous solu- 
tion, known as Sir W, Burnet's disinfecting solvHoHf is much 
nsed as an antiseptic and a disinfectant, since it arrests the 
decay of organic matter, and decomposes sulphuretted 
hydrogen and sulphide of ammonium. 

24. Protochloride, or Bichloride of Tin, SnC1„ called in 
commerce, tin-salts, is a giey, semi-transparent, crystalline 
substance. It is u$«ed as a test for mercury nnd gold, these 
metala being precipitated by it in a state, of minute division. 
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Chloride, or PereUoride of Tin, SnCn4, the Juming liqitor 
ofLibaviua, is a transparent, colourless liquid, prepared by 
heating bichloride of mercury and powdered tin in a retort, 
and condensing the vapours that arise. A solution of Uiis 
iubstance is much used in dyeing as a mordant, for fixing 
colours on cloth, &c. 

2j^, *. — Place a slip of clean zinc in a solution of perchloride of tin, 
decomposition ensues, the chlorine unites with the zinc, forming 
chloride of zinc, while metallic tin is precipitated. 

25. Chloride of Copper, CuCU is formed by dissolving 
the protoxide of copper in hydrochloric acid. It forms 
green crystals, soluble in water and alcohol ; the alcoholic 
solution burning with a green flame. When heated, it parts 
with half its chlorine, and becomes — 

Suh-ohloride of Copper, CuCl, a white substance, but 

slightly soluble in water, and prone to oxidize in moist air, 

becoming changed into a green powder {Brunsmck green), 

very much used by house^painters for common out-door 

work. 

No green color is so cheap as this, and it is the one roost commonly 
employed. It is a good color when first laid on, but after a time, 
it becomes partly changed into oxide of copper, and assumes a blackish- 
green tint, especially if it be in the winter season. 

£g^ ;. — ^Write on a sheet of paper with a solution of chloride of 
copper (using a quill pen), nothing will be seen while the paper is 
damp, but if heated, the writing will appear yellow. 

Chloride of Cobalt, COCI,, used in the sauie way, will prodnoe a 
fine blue, though pale pink while moist ; similarly, 

Acetate of cobalt yields a fine green. 

26. Snbchloride, or Diohloride of Heronry, Calomel, 
HgCl. This valuable salt may be obtained in aeveral 
ways — 

1. By heating the metal in chlorine gas, the iiuolvhle 

portion of the residue is the sub- chloride. 

2. By adding an atom of chloride of sodium to an atom 

of the sub- or proto-nitrtite of mercury. 

HgNO,+NaCl = NaNO,-hHgCl. 
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8. By disBolying protoxide or gre^ oxide of mercury, 
Hg.O, in hydrochloric acid. 

Hg,0+2HC1 = H,0+2HgCl, 

4, By triturating together, mercury, ^persulphate of mer- 
cnry, and common salt, and subliming the mixture. Sub- 
chloride of mercury is vaporized and condensed^ while 
sulphate of sodium remains. 

Hg+HgS04-f 2NaCl = Na,S04 + 2HgCl. 

The persulphate of mercury is obtained by boiling metallic mercury 
in sulphuric acid and eyaporating to dryness. 

If ^o/osulphate of mercury, Hg3S04, could be obtained as 
readily as the /persulphate, it would be employed instead of it, and the 
metaUic mercury might be dispensed with, in the above process. The 
mechanical mixture, however, of the /lersulphate and mercury, is 
equivalent, in result, to the actual /^rotosulphate. 

27. FercUoride, or more correctly, Chloride of Mer- 
cury, Corrosive sublimate, HgCl,, is also to be obtained in 
several ways. 

1 . The soluble portion of the mass formed by heating 

mercury in chlorine is the perchloride. 

2. When ^^oxide or red oxide of mercury, HgO, is 

dissolved in hydrochloric acid, the results are 
water and perchloride of mercury, which may be 
crystallized, on evaporation. 

Hg0+2HC1 = H.,0 + HgCl,. 

3. By subliming a mixture of ^^rsulphate of mercury 

and common salt. 

HgS04 + 2NaCl = Na,S04 + HgCl,, 
Refer to Chap, xxv. §§ 6, 7, 8. 

28. Pure calomel is a white, heavy, insoluble, tasteless 
powder, which is volatilized by heat, subliming into a 
yellowish white, crystalline mass. Potass, soda, and lime- 
water decompose it, grey suboxide of mercury, Hg20, being 
separated. Calomel is much used in medicine aa a purg- 
ative, bat must be administered with care. 
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29. Carro8iv0 suhlimate is a ▼liite, semi transparent, 
crystalline substance, soluble in water, of a nauseous, acrid 
taste, and highly poisonous. Potass, soda, or lime-water, 
added to a solution of corrosive sublimate, throws down a 
precipitate of finely-divided oxide of mercury, HgO. 

Corrosive sublimate is a powerful antiseptic, and is mach 
used for preserving timber, &c. from decay {Kyanizing 
process), 

30. Chloride of Silver, AgCl, may be formed by add- 
ing any solable chloride, as common salt, to any solnble 
salt of silver, except the hyposulphite, when a white, curdy 
precipitate falls, which is quite insoluble in water, but 
readily dissolved by ammonia, cyanide of potassium, or 
hyposulphite of soda, &c. 

Chloride of silver is decomposed, and becomes black on 
exposure to hght, very slowly if pure, but more quickly it 
organic substances be present. When carefully heated, it 
melts, and forms, on cooling, a grey, horn-like mass. In 
this state, it is frequently found native, and is termed 
horn-silver. 



EXERCISES ON CHAPTER XXXII, 

1. How are the chlorides formed } 

2. How are the metals affected by chlorine ? 

3. How are the metallic chlorides acted on by water ? Illostraie 

the formation of an insoluble chloride. 

4. How may the chlorides be decomposed ? 
6. Where is chloride of sodium fouud ? 

6. How is common salt obtained ? 

7. Whence is rock-salt obtained, and how is it purified ? 

8. State the properties of chloride of sodium. 

9. Name some of the uses of common salt. 

10. Whence is chloride of potassium obtained } 

11. Describe the reaction of chlorine on a solution of potass. 

12. What is tal-ammoniae T Whence does it derive its name? When 

is it fuund native? 
18. How is chloride pf ammonium generally prepared? 
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14. Shew the feaction of eommon salt on sulphate of anmoniam ? 

15. What are the chief characteristics and uses of cliloride of ammo- 

nium? 

16. What is chloride of calcinm ? 

17. State the nature and uses of chloride of calcium* 

18. What is common bleaching powder ? 

19. How is hypochlorite of lime prepared ? 

20. Whence dioes hypochlorite of lime derive its bleaching jiiopev* 

ties? 

21. State the composition and uses of chloride of bariom* 

22. What is chloride of magnesium ? 

23. What are the uses of chloride of zinc ? 

24. Describe the chlorides of tin. 

25. Describe the chlorides of copper. 

26. How may subchloride of mercury be formed t 

27. How may corrosive sublimate be prepared? 

28. State the properties and uses of calomel. 

29. What are the uses and properties of corrosive sublimate f 

30. Describe the nature and properties of chloride of silver. 



CHAPTER XXXin. 

HALOID SALTS— con/muecf. 
IODIDES, BBOMIDES, SULPHIDES, ETC. 

1. The Iodides and Bromides have many properties in 
common with the chlorides, and may, for the most, be ob« 
tained in a similar manner — either by the direct action of 
the combining elements, as when a metal is burned in the 
Taper of iodine or bromine, — or by the action of hy- 
driodic or hydrobromic acid, on a metal or metallic salt ; 
the hydrogen of the acid being replaced by its equivalent 
of metal. 

Eat, a.— See Chap xi., Ex./. 
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2. Iodide of Potassiiuii, KI. — ^When iodine is added to* 
a strong solution of caastic potass, a mixture of iodate 
and iodide of potassium is formed as in the analogoas 
case of chlorine, (a) {Chap, xxxii. § 11) ; on cYapo- 
rating the solution to dryness, and cautiously raising it to 
a red heat, the iodate of potassium parts with its oxygen, 
and IB entirely charged into iodide of potassium (5). 

(a) 6I+6KHO=KIO,+6KI+3H20, 

(b) KIO. = KI+30. 

8. If, instead of fusing the product of the evaporated 
solution (a), alcohol be poured upon it, the iodide of potas- 
sium will be dissolved, and a salt insoluble in alcohol will 
remain, which is the Iodate of Potassium, KIO,, analo- 
gous to chlorate of potassium. 

Ex. b, — Perform cautiously Ex, e. and d., and Ch(yf, zzz., using 
the iodate instead of the chlorate of potassium. 

4. Another, and perhaps better mode of obtaining iodide 
of potassium, is by decomposing the iodide of zinc (or iron) 
by carbonate of potassium. 

The iodide of zinc (or iron) is made by gently heating 
together iodine, water, and scraps of zinc (or iron). The 
resulting iodide is filtered, and exactly decomposed by car- 
bonate of potassium, carbonate of zinc (or iron) is precipi- 
tated, and iodide of potassium remains in solution. The 
latter is separated by filtration, and then eyaporated, and 
crystallized. 

Znlj-f-K^CO, = ZnC0a+2KL 

5. Iodide of potassium is important as a medicinal com- 
pound (see page 118). It crystallizes in anhydrous non- 
deliquescent cubes, which fuse readily when heated, and 
are very soluble in water. Most of the metallic iodides 
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may be obtained by adding iodide of potassiam to the 
soluble salts of the metab. 

E», «. — Put a little starch paste into water, add a few drops of 
iodide of potassium, no effect will be produced, for the iodine being 
already in combination, cannot unite with the starch. Add a little 
dilute add or chlorine water, the iodine will be at once set free, and 
combining with the starch, form its characteristic blue iodide. {Chap, 
XYi. § 22, E». 0.) 

Es, d. — Fill a series of test glasses with the following solutions in 
distilled water, add to each a few drops of iodide of potassium, and 
note the colors of the iodides produced. 

Sulphate of Copper gives Iodide of Copper hrown. 
Acetate of Lead «, „ „ Lead yellow. 

Nitrate of Bismuth „ „ „ Bismuth orange, 

„ „ Silver „ „ „ Silver primrose. 

Sub-nitrate of Mercury „ Sub-iodide „ Mercury yellow. 
Perchloride of „ „ Per-iodide „ „ scarlet. 

6. Snb-Iodide, or Di-iodide of Mercury, Hgl, is formed 
by adding iodide of potassium to the subuitrate of mer- 
cury ; it appears as a dirty, greenish yellow, insoluble pre- 
cipitate. 

Fer-Iodide» or, more correctly, Iodide of Mercury, Hgl,, 
is formed by adding iodide of potassium to a solution of 
corrosive sublimate, a yellow precipitate falls, changing im- 
mediately to a most beautiful scarlet. On a further addi- 
tion of iodide of potassium, the precipitate is dissolved, and 
the liquid becomes clear. The scarlet precipitate, when 
dried, has been used as a water colour (geranium red), but, 
unfortunately, it is not permanent. 

7. The per- iodide of mercury affords another illustration 
of dimorphism, {Chap. xxvii.§ 24), attended with change of 
color; for when the scarlet precipitate is heated it sublimes, 
yielding a quantity of minute, brilliant, yellow crystals. 
On touching this yellow incrustation with a hard substance, 
as the point of a needle, it instantly becomes red at the 
point of contact, and the color gradually spreads through 
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the whole mass, till every particle has regained its originil 

scarlet 

8. Teriodide of Phosphonu, PI,. See Chap. iii. Ex. d. 

9. Teriodide of Hitrogen, NI^. See Chap. xyi. § 24. 

10. Bromide of FotassiTiin, KBr, is a white, fusible, 
and yery soluble salt, similar in appearance and general 
properties to iodide of potassium, and prepared in a similar 
manner. It is only used in photography. 

E», #.— Perform Ex. c, using the bromide instead of the iodide of 
potsstiuxD, %pal€ orange bromide of starch will be produced, 

11. Fluoride of Calcium, fluor-spar, CaF,.— The com- 
binations of fluorine with the other elements are very few, 
and those few but Uttle understood. The most important 
is the beautiful mineral termed yfuor-^ar, which is found 
in many parts of Derbyshire, crystallized in regular cubes 
or octohedra, of a white, green, rose, or purple color. It 
fuses at a red heat, and is sometimes used as a flux for 
metallic ores, hence its name "fluor spar." 

Hydrofluoric acid is obtained from it by the action of 
sulphuric acid, as shewn, Chap. xvi. § 27. 

CaF, + H,S04 = CaS04+2HF. 

12. The metallic mlphureta or sulphides, MS, maybe 
prepared by rubbing or melting together sulphur and a 
metal, Chap, iii. £a!. e ; Chap, xx, JEx, e ; — by adding sul- 
phuretted hydrogent or sulphide of ammonium, to a 
metallic oxide or salt, Chap. x\r. Ex, o, p, q ; — by heating 
metallic sulphates with charcoal or carbonaceous matter, to 
remoYe the oxygen of the salt, C'Aop. xxix. § 6. 

13. Some of the metallic sulphnrets undergo no change 
when heated in close vessels, as the sulphurets of potas- 
sium and sodium ; others sublime unaltered, as the sul- 
phurets of arsenic and mercury, C^t^. xxiv. § 18; Chap. 
xxY. $ 9 ; — others lose a portion of their sulpbur, and if 
air have access, give off sulphurous acid, the metal parsing 
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into the state of oxide {roasting), as the sulphurets of 
copper and lead. Chap, xxiii. §§ 4, 15 -, — others are com- 
pletely reduced to the metallic state, as the sulphurets of 
gold and platinum. 

14. The metallic sulphurets are, for the most part, 
opaque, brittle solids. They are all insoluble in water, 
except those of the metallic bases of the alkalies and 
alkaline earths. 

15. Several of the metallic sulphurets occur abundantly 
in nature ; the most common are, the sulphurets of iron, 
lead, antimony, copper, zinc, arsenic, mercury, and silver. 
These, with the exception of the first, have been noticed 
in the accounts of the several metals, 

1 6. The sulphuret of zinc is white ; that of arsenic, 
yellow ; that of antimony, orange. The rest of the inso- 
luble sulphurets are blaclc. 

17. Protosulphuret of Potassium, K,S, is formed by 
heating potassium with sulphur, Chap. xx. Ex, e., or by 
heating sulphate of potassium with charcoal. There are three 
other sulphurets of potassium, viz., the Bisulphuret, KS ; 
the Tenulphuret, K,S, ; and the Pentasulphuret, K,S5. An 
impure variety of the latter was formerly called liver of 
sulphur, from its color. If an acid be added to a solution 
of it, sulphur will be precipitated in a state of the finest 
division, giving the liquid the appearance of milk (milk of 
sulphur), 

18. Protosulphuret of Sodium, Na^S, is formed in a 
similar manner to the preceding; see also Chap, xxvii. 
§ 10. It is interesting, as forming one of the ingredients 
in the mineral termed lapis-lazuli, from which ultramarine 
is prepared. 

" Artificial ultramarine is obtained by henting sulphuret 
of sodium with silicay aluminum, and iroa." 
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There are Beveral other unimportant sulphoreta of 
Bodium. 

19. Seyeral Bulphurets of ammonium may he obtained 
by distilling the sulphurets of potassium or sodium with 
chloride of ammonium. 

When two volumes of ammoniacal gas are mixed with 
one volume of sulphuretted hydrogen, and condensed by 
cold, a neutral Sulphuret of Ammonium, NH4S, is ob- 
tained in extremely volatile deliquescent crystals. 

20. Sulphide of Ammonium, or as it is frequently 
called, Hydrosulphate, or Hydrosnlphuret of Ammonia, 
(NH4)HS, is a double sulphuret of ammonium and hydrogen, 
formed by passing a current of sulphuretted hydrogen gas 

through liquid ammonia, 
till the latter is saturated 
with the gas, which may be 
known by the solution ceas- 
ing to give a precipitate with 
sulphate of magnesium. The 
sulphide of ammonium so 
prepared is at first nearly 
colorless, but as it gradually 
absorbs oxygen from the 
air, it becomes yellow after 
a time, from the presence of excess of sulphur, which may 
be precipitated by the addition of an acid. 

The sulphide of ammonium is a useful test, as it pre- 
cipitates many metals from their solutions. 

21. There are several of the double sulphurets which 
have been termed sulphur-salts, for one of the sulphurets 
seems to act the part of an acid (sulphur-acid), as sulphuret- 
ted hydrogen, sulphuret of carbon, of arsenic, of antimony, 
&c., while the other acts the part of a base {sulphur-base), 
as the proto-sulpliuret of ammonium, and the proto-sul- 
phurets of the metals of the alkalies and alkaline earths. 




Fig. 77. 
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The fiulphuret or Bulpbide of ammonium migLt thus be 
called a sulphur-salt, the sulphur-base, neutral sulphuretof 
ammonium^ being combined with the sulphur-acid, sulphu- 
retted hydrogen. 

22. Protowralpliiiret of Iron, Magnetic pyrites, FeS, is 
a blackish, brittle subtance, attracted feebly by the magnet, 
formed by heating iron filings and sulphur together in a 
crucible. It is found native in Cornwall, Wales, Norway, 
the Harz mountains, and in North America. 

E», f. — Heat a rod of iron to whiteness, then rub it with a stick of 
roll sulphur, avoiding the fumes, and allowing the drops to fall into 
water. The black substance found at the bottom will be the proto- 
Bulphuret of iron. 

23. Bisulpliuret of Iron, Iron pyrites, FeSt, is a sub- 
stance of a brass-yellow color, which occurs abundantly in 
every part of the world, and in different forms, derived 
from the cube. It is often found in nodules, which when 
broken have a radiated appearance ; they are sometimes, 
though vnrongly, supposed to be of meteoric origin, and 
have therefore been called thunderbolts. 

The principal use of iron-pyrites is in the manufacture 
of sulphate of iron. Chap. xxix. § 22. 

24. Bisulpliuret of Carbon, CS3, is a transparent, color- 
less liquid, with a most disagreeable odor ; it is exceed- 
ingly volatile, and produces by its evaporation an intense 
degree of cold. It boils at 1 lO^F. 

It burns with a blue flame, the products of combustion 
being carbonic acid and sulphurous acid gas. It freely 
dissolves sulphur and phosphorus, and the solution often 
deposits these substances in beautiful crystals, by spon- 
taneous evaporation. 

;Ex, ff» — Half fill a phial with water or with snlphurie acid, and sur- 
round it with a rag moistened with bisulphuret of carbon. The liquid 
will speedily be frozen. 

Ex, h, — Dip a piece of paper in a solution of phosphorus in bisul- 
phuret of carbon, and allow the moisture to evaporate, the phosphorus, 
being left in a state of minute division, wiU immediately inflame. 
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25. PlLOsphnret of Galcinni, CaP., is a brown compoond 

formed by passing the vapor of 
phosphorus over pieces of lime 
heated to redness in a porcelain 
tube. 

£x, t. -— When pat into water, thn 
substance, if fresh made, gives oif sponta- 
neously-inflammable phosphuretted hy- 
drogen. See Chap, xt. { 14, and Es, m. 

Fig. 78. 

EXERCISES ON CHAPTER XXXIl. 

1 . What are the general properties of the iodides and bromides, 
and how may they be obtained ? 

2. How is iodide of potassium prepared from iodine and potass ? 

3. How is iodate of potassium obtained f 

4. How are the iodides of zinc and iron prepared, and bow are 
they acted on by carbonate of potassium ? 

5. What are the properties and uses of iodide of potassium ? 

6. Describe the iodides of mercury. 

7. What is dimorphism, and how does per-iodide of mercury illus- 
trate it ? 

8. How is ter-iodide of phosphorus prepared ? 

9. Describe the preparation and properties of ter-iodide of azote. 

10. What is bromide of potassium ? 

11. Describe the fluoride of calcium. 

12. How may the metallic sulphurets be prepared ? 

13. How are the metallic sulphurets affected by heat ? 

14. Which are the soluble, and which the insoluble sulphurets 

15. Name the chief native sulphurets. 

16. State the characteristic colors of some of the sulphnreu. 

17. Describe the sulphurets of potassium. 

18. Of what use is sulphuret of sodium ? 

19. How are the sulphurets of ammonium obtained? 

20. Describe the preparation, properties, and uses of the oommon 
sulphide of ammoninm (hydrosulphuret of ammonia) 

21. Explain the constitution of sulphur-salts. 

22. What is the proto-sulphuret of iron ? 

23. What is iron-pyrites, and for what is H nsed ? 

24. What are the properties of bisulphuret of carbon ? 

25. What is phosphuret of calcium ? 
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CHAPTER XXXIV. 
ORGANIC COMPOUNDS. 

1 . Obgavic chemical compounds are componnds directly 
or indirectly derivable from organized bodies. They can- 
not, except in very rare instances, be formecit by bringing 
their elements together, "but must either be derived 
reacfy-made from plants and animals, or must be prepared 
from such ready-made substances, which form, so to speak, 
the raw material." 

Thus, sugar may be shewn to consist of carbon and water, Chap. iii. 
E». n. ; yet we cannot unite carbon, oxygen, and hydrogen, so as to 
form sugar. Again, alcohol and vinegar contain the same three ele- 
ments, but can only be obtained from sugar, as the raw materia], by 
fermentation or chemical action. 

2. The prevailing elements in organic compounds are 
carbon, oxygen, hydrogen, nitrogen, sulphur, and phos- 
phorus. 

Some organic bodies consist of only two elements, — 
carbon and oxygen ; a great many are found to contain 
three, — carbon, oxygen, and hydrogen ; not a few contain 
four, — carbon, hydrogen, oxygen, and nitrogen ; very few 
contain five or six, though almost every element iMy occur 
in some organic compound or other. 

3. Organic compounds consisting only of carbon, oxygen, 
and hydrogen {wm-nitrogenoua compounds)^ are easily distin- 
guished from those which in addition, contain nitrogen, 
or nitrogen with sulphur or phosphorus {nitrogenous com- 
pounds^ by burning them. The latter class will evolve an 
offensive odor like burnt feathers, or if heated with lime, 
will give off ammonia. 
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4. Organic compounds may be classed as acids, bases ; 
and ifidifferent or neutral substances. Tiie organic acids 
are chiefly contained in fruits, or in the sap of plants. 

They are usually prepared by saturating the juices 
containing them with lime, evaporating the solution of 
the lime-salt to dryness, and afterwards decomposing it by 
sulphuric acid, which removes the base and liberates the 
organic acid, which can be separated either by filtering or 
by evaporation. 

5. Acetic Acid, CJI4O,, is readily formed by the 
fermentation of many animal and vegetable juices, when 
exposed to the action of the air at a moderate temperature. 
It is also a product of the distillation of vegetable matter, 
especially wood, in close vessels (wood vinegar or pyrolig- 
neous acid.) 

Ordinary vinegar is dilute acetic acid ; it cannot be con- 
centrated by evaporation, for the acid is volatile as well as 
the water. 

"The strongest acetic add is obtained by distilling 
anhydrous acetate of sodium with three times its weight of 
concentrated sulphuric acid." 

2Na(C,H,O0 + H,SO4 «= Na,S04-h2(H,aH,0.). 

Acetic acid is monobasic and contains one replaceable atom 
of hydrogen. Its empirical formula is as above, GtH40,. Its 

rational formula may be written, H,C,HsO„ or ^>^'^ I o. 

0. Acetate of Lead, sugar of lead, Pb(C,H,0,)^ is pre- 

pared by dissolving litharge, protoxide of lead, in strong 
vinegar, or else by exposing plates of lead to the vapor of 
vinegar, and dissolving the carbonate of lead so formed, 
[Chap, xxvii. § 27) in acetic acid. The acetate of lead 
of commerce is a white, crystalline substance, of a 
sweetish taste, somewhat resembling loaf sugar, whence the 
name sugar of lead. It is much used in calico-printing 
and dyeing ; also by the painter, on account of ito pro- 
moting the drying of oil colors by absorbing the greasy 
particles of the oil. o 6 / 
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It is a violent poison, but is used medicinally, as an 
external lotion for the eyes, &c. {Goulard's water,) 

7. Acetate of Copper, crystallisted verdigris, CuCCtHsOa).. 
— When sheets of copper are exposed to the action of acetic 
acid a subacetate of copper, Ca(CsH:iOs), is formed, 
known in commerce as common verdigris ; if this be dis- 
solved in hot acetic acid and allowed to crystallize slowly, 
it will deposit beautiful dark-green crystals of neutral 
acetate, used by painters under the name of distilled or 
crystallized verdigris, 

8. Oxalic acid, H„C,04+2H,0, is found in the stems 
of rhubarb, in the sap of common and wood sorrel, and 
in some fruits, combined with potass or lime. It is 
prepared artificially in large quantities by the action of 
nitric acid on sugar, starch, and dextrine (Chap. iii. Ex. q.). 
The crystallized acid has very much the appearance of 
Epsom salts; it is 
very soluble, the so- 
lutioa being intensely 
sour, and highly poi- 
sonous ; the proper 
antidote is chalk or 
magnesia. 

When heated with 
sulphuric acid, oxalic 
acid is decomposed 
into carbonic acid and 
carbonic oxide, see 
Chap.jx. §§19. 20. 

9. Oxalate of Ammonium, (NH4),Ca04, is prepared by 
neutralizing a hot solution of oxalic acid by carbonate of 
ammonia. It is used in chemical analysis to precipitate 
lime from its solutions, which it does in the form of a 
white powder, Oxalate of Calcium, CajCO^. 

10. Oxalic acid forms with peroxide of iron a very 




Fig. 70. 
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soluble Per-ozalate of Iron, Fe,8(C«04), bo that either the 
acid iuelf, or the Bino^^ilate of Potassium {salt of sorrel), 
KHCs04, is used for removing ink-stains (tanno-gallate of 
iron), or iron-mould (per-oxide of iron), from linen, &c., 
for a soluble oxalate of iron is formed which can be easily 
washed away. 

Ex. a.-^Oxalic acid is the only acid which will decompose sulphate 
of lime. Add some solution of oxalic acid, or oxalate of ammonium, 
to lime-water, or any salt of caldudi, oxalate of calcium will "be preci- 
pitated as a white powder. 

11. Tartaric Acid, H„C4H40c, is a bihasic acid, found 
in a free state in the juice of unripe grapes, and as 
an acid tartrate of potass in tamarinds, pine-apples, ripe 
grapes, and other fruits. When pure, it is colorless, in- 
odorous, and very sour to the taste. 

12. If tartaric acid be boiled with nitric acid, it absorbs 
oxygen, and becomes converted into oxalic acid. 

If it be boiled with sulphuric acid, it loses oxygen, and 
is changed into acetic acid. 

When tartaric acid is heated to 400^ F. with excess of 
caustic potass, KHO, acetate and oxalate of potassium 
are formed, thus — 

H„C4HA+3KHO = K(CH3O0+K,(CaO4)-f3H,O. 

1 3. Tartaric acid is used by calico printers to evolve 
chlorine from solution of bleaching powder,, and produce 
white patterns on a colored ground by discharging the color 
in certain parts. 

14. The most important compound of tartaric acid is 
the Acid- or Super-tartrate of Potassium, KU,C4H40i, 
which is deposited, in an impure state, from wine or grape 
juice in the act of fermenting, and forms an incrustation 
upon the bottoms and sides of the casks in which new 
wine is stored. When purified by boiling in water, (with 
pipeclay and animal charcoal to remove the coloring matter), 
and subsequent crystallisation, it forms a white salt known 
as cream of tartar^ 
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It is from this salt that tartaric acid is generally ob-< 
tained, by converting it into tartrate of calcium, and then 
remoTing the lime by sulphuric acid, as shewn in § 4. 

15. Tartrate of Potassium and Sodium, KNa(C4H40e), 
is made by neutralizing a hot solution of cream of tartar 
with carbonate of sodium ; crystals are deposited on evapo- 
ration, having a saline taste, and used in medicine as a pur- 
gative under the name of Rochelle salt, 

16. Tartrate of Antimony and Potassium, or tartar- 
enietiCj K(SbO)(C4H40e), is made by boiling oxide of an- 
timony with cream of tartar. It is a white salt, slightly 
efflorescent, and much employed as an emetic. 

E». h. — Half fill two test glasses with solution of tartar-emetic, add 
to one some dilute sulphuric or nitric acid, the potass will be sepa- 
rated, and a mixtwe of cream of tartar and oxide of antimony wfU be 
precipitated. 

Add to the other glass a solution of caustic potass or ammonia, 
oxide of antimony will be thrown down, soluble in excess of potass. 

17. Gkdlic acid, C7HA»aucl Tannic acid, C^H„0,;, 
— These acids are closely connected with each other, and are 
largely di£fused throughout the vegetable kingdom, but 
especially in the bark of the oak and in nut-galls : whence 
the name galTic acid. 

1 8. Tannic acid derives its name from its use in the 
process of tanning. When a piece of skin previously 
cleaned and soaked in lime-water is immersed in an in- 
fusion of oak-bark or nut-galls, it absorbs the whole of the 
tannic acid, and forms a compound insoluble in water, 
commonly known as leather. 

The gallic acid present in the infusion is left behind. 

19. When exposed to the air, or treated with dilute 
sulphuric or hydrochloric acid, tannic acid becomes 
changed into Qallic acid and Glucose (grape-sugar). 
Thus— 

Tannic Add. OalHo Add. GlaooM. 

C27H.,Oi7+4H,0 « 3C;HA+C«H„0,. 



20. A ttroDg infasion of nut galls ia osed u a Uat ia 
chemical analjrBu, eapecialiy for the stdta of iron, with 
which a black or bluish black precipitate ia formed, the 
basis of common writing ink. 

Cloth or cslicD msj be dyed ofTuiout abidei of blick, gre;, or 
Tiolet, b]r immcreing itj Grat, id peracelile or periulphate of iron, sad 
tftcrwird* in ■ decoction of madder snd lugnood. A tanoo-gallate «i 
iron ii formed in (bii cue sIm. 

21. As Ammoninm, though a compound body, was 
ranked among the simple metals, because it acted like « 
metal in the various combinations it formed with other 
bodies, so there are certun organic compounds which 
resemble in character the simple talt-radieUt, chlorine, 
iodine. Sec, and combine with other eletnenta just lu if they 
were tkemteltei element*. The most important of these 
compound salt-radicals is Cyanogen. 

22. Cyanogen, 
CN=26, may be 
obtained by heating 
cyanide of mercury 
in a tube, when a 
colorless, poisonona 
gas will be eTolred, 
baving an odor like 
bitter almonds, and 
soluble in water, so 
that it must be col- 
lected over mercury. 
It can he coodensed 
into a colorless, 
transparent liquid. 
"»■** Its density «a 

compared with airia 1.606. 

The symbol Cy is often used instead of CN. 

Cyanogen is inflammable, and burns with a rose-colored 
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flame ; the prodacU of combustion are carbonic acid and 

nitrogen. 

This may be shewn by heating a little cyanide of mercury and in- 
flaming the gas, see fig. 81. 

23. Hydrocyanic or Fmssic 
Acidy HCy, is a hydracid^ con- 
sisting of hydrogen and cyan- 
ogen ; and may be prepared by 
distilling cyanide of mercury 
with hydrochloric acid. 

HgCy, + 2HC1 = 2 HCy + HgCl,. 

It IB the most violent of 
known poisons. Even in very 
small quantities its vapor occa- 
sions faintness and head-ache. 
The most effectual antidote is ^' 

ammonia, and the application of cold water, as in a shower 
bath. 

Though used in medicine, it is in exceedingly small quantities. 

" The strongest solution of prussic acid used medicinally in Eng- 
land, only contains 3 per cent, of real acid, and of the acid, thus 
diluted, a single drop is a dose.'' 

The kernels of peaches and other stone fruits, and especially those 
of bitter almonds, as well as the leaves of the laurel, contain hydro- 
cyanic acid. Hence laurel-water, and oil of bitter almonds, are 
poisonous. 

24. When hydrocyanic acid is added to a metallic oxide, 
the resulting salt is a cyanide of the metal. Thus Cya- 
nide of Mercoryy HgCys, may be formed by dissolving 
red oxide of mercury in hydrocyanic acid, evaporating and 
crystallizing. 

25. Cyanide of Potassium, KCy, or E,CN, may be ob- 
tained by heating potassium in the vapor of cyanogen, or 
hydrocyanic acid ; in the latter case with evolution of hy- 
drogen. 

Also, by passing pure nitrogen gas through a white hot 
porcelain tube containing carbonate of potassium and char- 
coal, when carbonic oxide is given off, while cyanide of 
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potastiam settles in the cooler portions of the tube as a 
white awwrphous powder. 

K,CO,+4C+2N = 8CO+2K(CN). 

If nitrogenou9 mbsiances, such as horu-shavings, hide- 
paringSy hoofs of animals, &c., be heated to redness with 
carbonate of potassium in a close vessel^ abundance of cy- 
anide of potassium will be formed, arising from the mu- 
tual decomposition of the ammonia and the alkaline car- 
bonate in the presence of charcoal. 

2NH3+K,CO,+C =8H,OH-2KCN. 

26. Cyanide of Potassium is now made in considerable 
quantities from the ferrocyanide, § 29, being much used 
in electro-plating and gilding, as a solvent for the precious 
metals, by forming Cyuiide (tf Oold, AuCy„ and Cyanide 
of Silver, AgCy. 

Silver Mutiom, — Add cyanide of potassiam to nitrate of silTer, 
cyanide of silver will be deposited. Wlien this precipitate has been 
well washed, a further solution of cyanide of potassium is added, 
which completely dissolves it ; forming a double cyanide of potassiam 
and silver. 

AgNO, + 2KCy = KNOa + AgKCy,. 

Gold ^oZttfton.— Dissolve gold in aqna regia, Chap, xzv. { 26, and 
boil the resulting perchloride of gold with calcined magnesia to pre- 
cipitate the oxide, (a). Separate the oxide by filtration, boil it with 
nitric acid to remove any remaining magnesia, and after it has been 
well washed, dissolve it in cyanide of potassium, (6). when a double 
cyanide of potassium and gold will be formed. 

(a.) 2AuCl, + 3MgO = 3MgCI, + Au20,. 
(4.) Au,0,+ 7KCy=8K,0 + Au,KCy7. 

27. Cyanogen forms three acid oxides with oxygen, 
which are uomerie bodies, that is, they contain the same 
proportions of the same constituents, but are yet quite 
dissimilar in their properties. They are 

Cyanic Acid HCyO or, HCNO, monobtme. 
Fulminic „ H.Cy.O, „ H.Cy.N.O,, bihasie. 
Cyanuric „ H,Cy,0, „ H.Cy.O^ tribasie. 
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The distinct character of these acids may be seen by 
comparing their silrer-salts. 

Cyanate of Silver AgO,CyO = AgCyO. 

Fulminate „ „ 2AgO,Cy,0, = AgfijJO^ 

Cyanuret „ „ 3AgO>CysO,» Ag,Cy,0,. 

28. Fulminie acid has never been obtained in a separate 
state. It derives its name from the fulminating properties 
of its metallic salts. Fulminate of mercury, HgsCyaOa, 
is manufactured on a large scale for the purpose of filling 
percussion caps ; it is sometimes mixed with a little sul- 
phur and chlorate of potass^ and the mixture when pressed 
into the cap is secured by a drop of varnish. 

Fulminate of mercury is dangerously explosive, and the 
fulminates of silver and gold still more so. They had> 
therefore, better not be experimented with. 

29. When a solution of <syanide of potassium is 
gently heated with iron filings for some time in an open 
vessel, oxygen is absorbed, and the iron dissolved. On 
evaporation, the yellow liquid obtained deposits beautiful 
lemon-colored crystals, tough and difficult to be powdered, 
and becoming anhydrous at a gentle heat. This salt is 
termed Ferrooyanide of Fotassiiimi or prttssiatd o/jpotan. 
4K,Fe,6CN+3HaO, or, more simply, K4FeCy6. 

Ferrocyanide of potassium is made on a large scale by fusing refuse 
animal matters with pearlash (impure carbonate.of potassium), and 
scraps of old iron ; cyanide of potassium is formed as stated in § 25. 
The fused mass is afterwards heated in water for some time, and the 
iron ia dissolved, as shewn above. 

80. The Ferrocyanides, 4M,FeCy6, or 4M,0fy, are con- 
sidered to be compounds of bases with a stiU more complex 
Malt-radical than cyanogen, to which the name Ferrocya- 
nogen, FeCy«, or Cfy, has been given, as it contains six 
atoms of cyanogen, and one of iron. It has never yet been 
obtained in a separate state. Ferrocyanide of potassium, 
K^FeCyt, therefore may be described as consisting of Fer- 
rocyftnic Acid, H4(FeCy6) a tetrabasic acid, in which the 
4 atoms of hydrogen have been replaced by 4 atoms of po- 
tassium. 
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31. FerrocyaBide of Potassiam fonnB a valuable teat for 
metals ; nrhen mixed with most of the metallic salts in solu- 
tion, it throws down as a precipitate the ferrocyanide of 
each metal, and frequently with a characteristic color. 

When added to a salt of iron, it forms the well-known 
substance termed Prussian blue ; it is therefore much used 
by dyers, calico-printers, and color-makers. 

Ex. e. — Fill a series of glasses with solutions of metallic salts, 
and add to each a few drops of a solution of ferrocyanide of potassium, 
ferrocyanides of the respective metals will be thrown down, thus — 



Iron 

>> 
Copper 

Hauganese 

Lead 

Silver 

Mercury 

Cobalt 

Tin 

Zinc 

Nickel 



Soluiiotu of 

proto-salts. 

per-salts. 

proto-salta. 

per-salts. 

proto-chloride. 

nitrate. 



chloride. 

»> 

sulphate. 



Color of precipitatet, 

white or pale blue. 

dark blue. 

lilac. 

deep brown. 

reddish white. 

white. 

cream-color. 

white. 

pale green. 

pale yellow. 

white. 

gray. 



Ex. d. — Heat ferrocyanide of potassium with eight or ten times its 
weight of strong sulphuric acid, pure carbonic oxide will be eyolved. 
The reaction is explained, Chap. xi. § 21. 

82. Ferricyanide of Potassinm, sometimes called red 
prussiate of potassium, is a sub-salt, consisting of SKyFeCyf. 
It forms a bright blue, known as Turnbuirs blue, with 
protoitiltA of iron, and gives no precipitate with penalU, 

TurnbuU's blue = Fe3(FeCy0),. 

33. When anhydrous ferrocyanide of potassium, K4FeCy«, 
is fused with half its weight of sulphur, each atom of 
cyanogen combines with one atom of sulphur, giving rise 
to a new monobasic radical, Sulphocyanogen, CNS,, or 
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Csy, ^vhich remains in union with the potassium and iron, 
forming sulphocyanides of those metals ; thus — 

K4FeCy.+6S = 4KC8y + Fe2C8y. 

34. A soluble sulphocyanide gives no precipitate with 
the persalts of iron, but causes their solutions to assume a 
blood-red color ; hence sulphocyanide of potassium is some- 
times used as a test for peroxide of iron. 

Ex. e, — Moisten a white plate with a little perchloride or persul- 
phate of iron, and let fall on it a drop or two of sulphocyanide of 
potassium, it will appear exactly like blood. 

EXERCISES ON CHAPTER XXXIV. 

1. What are organic chemical compounds ? 

2. What are the preyailing elements in organic compounds } 

3. What is meant by nitrogenoug and non-nUroffenous compounds, 

and how may they be distinguished ? 

4. How are organic compounds divided ? How may organic acids 

be prepared ? 

5. Describe the nature and properties of acetic acid. 

6. Give an account of acetate of lead, and its uses. 

7. How is acetate of copper prepared ? 

8. State the nature and properties of oxalic acid. 

9. For what is oxalate of ammonia useful as a test ? 

10. Why is oxalic acid used to remove ink stains ? 

11. Wliat is tartaric acid } 

12. How is tartaric acid acted on by nitric and sulphuric acids, and 

by caustic potass ? 

13. For what is tartaric acid used ? 

14. What is cream of tartar, and for what is it used ? 

15. What is Rochelle salt ? 

16. What is tartar-emetic t 

17. Where are gallic and tannic acids found ? 

18. Explain the principle of the process of tanning skins, &c. 

19. How is tannic acid altered by exposure to the air. 

20. What is common writing-ink } How are ordinary black dyes 

produced ? 

21. Why may cyanogen be classed with the elements? 

22. Describe the nature and properties of cyanogen. 

23. How may hydrocyanic acid be obtained, and what is its most 

characteristic property } 

24. Why should the compounds of hydrocyanic acid be classed 

among the haloid salts } 

25. How may cyanide of potassium be procured ? 
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26. For what is cytnide of potassinm principally used ? 

27. Give an account of the acid oxides of cyanogen. 

28. For what is fulminating mercury used ? 

29. What is ferrocyanide of potassium, and how is it prepared r 

30. What is the constitution of the ferrocyanides ? 

31. For what is ferrocyanide of potassium used ? 

32. What are the properties of ferridcyanide of potasslam ? 

33. How is snlphocyanogen obtained ? 

34. For what is sulphocyanide of potassinm a test ? 



CHAPTER XXXV. 

OBGANic COMPOUKDS — continued. 

1. Some of the most important organic bases in the 
vegetable kingdom are used in medicine, and from their 
power of combining with acids have been termed alkaloids 
or vegeto-alkalies. They are, ttniniiLe, the active principle 
in Peruvian bark ; Morphine, the highly poisonous prin- 
ciple in opium and laudanum; Stryclmiiie, a powerful 
poison usually prepared from nux-vomica. There are also 
Theine, from tea; Nicotine, from tobacco; and many 
others. 

2. Many of the neutral organic bodies are of great im- 
portance in the arts and medicine, and compose the prin- 
cipal part of the food of man and animals. They are, as 
already stated, Chap.xxxW, §3, divisible into nitrogenous 
and non-nitrogenous bodies. The former contain the most 
nutriment ; the latter contribute little to the actual growth 
of animals, but are, as it were the fuel, by the combustion 
of which (that is its union with oxygen) the natural warmth 
of the body is maintained. 

3. When more non-nitrogenous food is taken than is 
required for this purpose, it is converted into fat, which 
consists chiefly of carbon and hydrogen ; when too little 
is taken, the body becomes lean, because the already exist- 
ing fat is absorbed to maintain the vital warmth. 
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Hence, animals that sleep through the winter, thongh 
fat at the commencement of their period of hybernation, 
become very lean towards its close. 

For a like reason, the inhabitants of cold climates require 
a larger proportion of fat, oily, substances in their n)od, 
than those of more temperate regions. 

4. The chief non-nitrogenow compounds gum, sugar, 
woody fibre or ligaine, fats, oils, and resins. They all 
consist of charcoal and the elements of water. 

5. Starch, C«Hio06, is found abundantly in all plants, 
and is obtained, — from their seeds or fruit, as wheat-starch, 
or rice-starch ; — from their roots or underground stems, as 
potato-starch, tapioca, and arrow-root ; — itom the pith of 
certain trees, as sago, &c. 

6. By the action of sulphuric acid, starch may be con- 
certed into a kind of gum, called dextrine, — or into sugar. 
Chap. iii. Ex. q. The latter change takes place during the 
first growth or sprouting of seeds ; hence malt^ which is 
barley kept moist and warm till it begins to grow> has 
a sweet taste which the barley itself has not. 

7. Sng^ is the name given to any sweet substance con- 
tained in plants or animals. Hence there are different 
varieties of sugar, the chief of which are : 

Cane or Ordinary Sugar, CisHtsOu, produced from the 
sugar-cane, beet-root^ sugar-maple, &c. 

Grape Sugar, or the sugar of fruits, CfHisOe, prepared 
also from honey and starch. 

IDlk Sugar, or sugar of milk, CeH,sO«, obtained by 
evaporating and crystallizing whey. 

Glycerine, or sugar of oil, CsH^Os, which differs from 
the preceding in not yielding alcohol by ferment- 
ation. 

8. Idgnine or woody fibre forms the structure of plants ; 
fine linen or cotton exhibits it in a nearly pure state. 

If hnen rags, tow, sawdust, be exposed to the action of 
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snlphnric acid, ts was described under the account of starch, 
§ 6, they will be conTerted into gum or sugar, accordiiig 
to the nature of the process. 

9. When lignine, in the form of cotton, muslin, sawdust, 
&c., is soaked for about five minutes in a mixture of equal 
parts of strong nitric and sulphuric acid, and then taken 
out, well washed and cautiously dried, it will be found 
unaltered in appearance, but much changed in properties. 
It is now Gun-cotton, or pyroxylme, CeH8(N0,),04. 

Gun-cotton is highly explosive, detonating sharply when 
struck vnth a hammer on an anvil. It burns very rapidly, 
without smoke or residue. 

Ex, a. — Put some loose g^n-cotton on the hand, or on a little 
gunpowder, and inflame it by touching with a heated wire. It will 
neitlier burn the hand nor ignite the powder, owing to the rapidity of 
the combustion. 

10. Gun-cotton dissolves in ether, forming a syrupy 
liquid » which on evaporating leaves behind a transparent, 
tenacious film. This substance, termed Collodion, is largely 
employed in photography. 

If collodion be spread over a wound the sides of which are held 
together, it evaporates, leaving a tenacious film, which serves the pur- 
poses of plaster, and is insoluble in water. 

11. The chief nitrogenous substances are, albumen, 
fibrine, and caseine, which are found both in the yegetable 
and animal kingdoms. 

12. Albumen occurs nearly pure in the white of 
eggs ; it is also largely found in the blood, the humors of 
the eye, the flesh of animals, and in oily seeds. It is 
soluble in water, and is coagulated into a white, opaque 
mass by heat, by most acids, and by many metallic salts. 

Hence white of egg is given in cases of poisoning with salts of cop- 
per or mercury, or with arsenious acid. 

JSr. b — The presence of an alkali {soda) in albumen may be shewn 
by dropping a little white of egg into an infusion of. vegetable blue, 
when the blue will be changed to green. 
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13. Pibrine is found eoluble in die linng blood, bat 
after death or separation from the body, it spontaneously 
coagulates in fibres, which are insoluble in water. Fibrine 
occurs idfto in the lean flesh or muscular flbre, whence it 
lias deriyed its name. 

14. If a little wheat flour be tied up in a piece of linen 
rag, and kneaded under a stream of water, so long as the 
latter flows off milky, a tough, adhesive elastic substance 
will be found in the cloth, which is gluten or vegetable 
fibrine. It is tasteless, and odorless ; hardens on drying, 
into a horn-like mass, and is identical in composition widi 
the fibrine of the blood. 

The milky color is given to the water by the separation of the starch 
which is diffused through it, and settles slowly to the bottom of the 
▼essel. 

1 5. Caseine is the curd of milk, and derives its name 
from the Latin, caseus, cheese, of which substance it is the 
chief constituent. 

It is found in most plants, but especially in peas, beans, 
and other seeds of a similar kind. 

It has the same composition as albumen and fibrine, but 
its solution differs from that of the former, in being coagu- 
lated by vinegar, knd in not being coagulated by heat, and 
from that of the latter, in not coagulating spontaneously. 

16. Nitrogenous substances, when in a moist condition, 
putrefy, or decompose of their own accord ; if added to 
bodies of the non-nitrogenous class while in this state of 
decomposition they produce a change also in them, — ^this 
change is termed fermentation. 

Pure sugar, dissolved in water, undergoes no change ; but if a little 
yeast be added, and the mixture kept in a warm place, it will effervesce 
from the evolution of carbonic acid. The sugar has been converted 
into carbonic acid and alcohol ; the latter substance may be separated 
from the watery part of the solution by distillation. 

17. Alcohol, sj)irits of wine, C^H^O, is produced by 

T 
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the breaking up of an atom of gprape aagar into alcohol, 
and carbonic acid, and water ; thus— 

C.H.A = 2(C.H,0)-|-2CO,. 

Gntpe aagar. AloohoL 

It is the grape sugar alone that yields alcohol, the fer- 
ment or yeast changing the cane sugar into that substance ; 
the same may be said of milk sugar. 

1 8. Pure Alcohol is a colorless liquid, spec. gray. 0.795. 
It is very inflammable, burning without smoke. From its 
great solvent powers it is much used by the chemist, the 
yamish-maker, and in many of the arts. 

19. All intoxicating liquors contain alcohol ; they are 
not confined to vegetable preparations, for the Tartars 
produce an intoxicating drink, termed koumiss, from mares' 
milk, by the fermentation of the sugar of milk contained 
in it. 

Bx, a.— For the sake of experiment alcohol may he extracted from 
any fermented liquor, such as porter, ale, cyder, wine, &c. It is 
only sufficient to put the liquid to be operated upon in a retort, and 
apply heat beneath. The spirit rises in steam, and this is condensed 
by cold. 

On a larger scale it is prepared by means of a still, as in fig. 82, 
on the opposite page, for a description of which see Chap, vi. § 16. 

20. The fermentation which produces alcohol is termed 
fjinoiis (wine-making) fermentation, — if allowed to go on, 
however, it passes into the acetous (vinegar-making) fer- 
mentation. 

The a/cohol, by exposure to the air, is cf^Aydrogenated 
— that is, deprived of hydrogen, becoming converted into 
water, and an intermediate substance termed Aldehyde, (a). 
This aldehyde rapidly absorbs oxygen from the air, and is 
changed into acetic acid or vinegar (6). 

(a.) CHeO + = C,H40 + H2O. 

Alcohol. Aldehyde. 

(4.) C,H4O + = C,H40,. 

Aldehyde. Acetic acid. 
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21. When alcohol is diatilled nith lalphuric acid ■ vola- 



tile, fragrant liqnid pasies orer known b» Ether, or mlphu- 
Tie ether, because obtained by the action of sulphuric acid. 

Sulphorio Ether, or Ethyl Ether, q'„* >0, is not ca- 
pable of diaaolving so many sabstanceB aa alcohol ; still, 
however, it is often found useful in separating or extracting 
principles that are insoluble in alcohol or vater, more espe- 
cially in Tegetable chemistry. It combines with ammonia, 
camphor, resins, volatile oils, sulphur, phosphorus, and 
chloride of gold, but has little or no action on the fixed 
alkaUes, earths, common metallic oxides, and the greater 
number of the salts. 

22. Various compound ethers — snch m byponitrons 
ether, or tweet tpirit of nitre, &c., may be formed by the 
action of acids on alcohol, or by distilling a mixture of 
HJcohol, sulphuric acid, and a salt coataioing the aoid of 
tlie required ether. 

I a 
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23. When hypochlorite of lime {bleaching powder), al- 
cohol, and water^ are distilled together, a prod act comefl 
oyer with the first portions of water, termed Chloroform, 
CH GL. It is a dense, limpid fluid, half as heavy again as 
water, and very volatile. Its vapor, when breathed, pro- 
duces temporary insensibility to pain; it is, therefore, 
often administered previous to the performance of surgical 
operations. 

24. It would not be advisable to enter more upon the 
chemistry of organic bodies ; the reactions that take place 
in the formation of ethers, &c. are somewhat intricate, and 
hardly fall within the range of an elementary work. We 
will, therefore, conclude what we have to say on the matter, 

. by quoting from a French chemiat the following contrast 
of the actions of animal and vegtable life : — 

The Vegetable The Animal 
Is an apparatus of de-oxid- Is an apparatus of oxid- 
ation, ation. 
Disengages oxygen, Absobbs oxygen, 
' Pbqpvoes the neutral nitro- Consumes the neutral nitro- 
genous bodies, sugar, genous bodies, sugar, 
starch, gum, fatty sub- starch, gum, fatty sub- 
stances, &c., stances, &c.. 
Decomposes carbonic acid, Peodvges carbonic acid, 
water, and ammoniacal water, and ammoniacal 
salts. salts. 

EXERCISES ON CHAPTER XXXV* 

1. What are alkaloids ? Name the most important of them. 

2. How may organic bodies be classed ? What are their diarac- 

teristica as articles of food ? 

3. What is the effect of an excess or deficiency of non-nitrogenous 

bodies in food ? 

4. Qvre the names and composition of the chief non-nitrogenoui 

bodies. • 

5. Whence is starch obtained ? 

6. Why has malt a sweet taste ? 
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7 Give the names, composition, and origin of the principal Ttp 

rieties of sugar. 
9. What is lignine? How may sugar be obtained from rags, 

sawdust, &c. ? 
9. What is gun-cotton ? 

10. What is collodion ? 

11. Name the chief neutral nitrogenous bodies. 

12. State the chief properties of albumen. 

13. Whence is animal fibrine obtained ? 

14. How may vegetable fibrine be prepared ? 

15. What is caseine ? 

16. What is meant ^yj fermeniatiwi t Give an illustration of it 

17. How is alcohol obtained ? 

18. What are the properties and uses of alcohol P 

19. What preparations contain alcohol ? 

20. How does wine become vinegar ? 

^^^ 21. How is ether prepared, and what are its properties ? 

\ 22. How may the compound ethers be procured ? 

23. How is chloroform obtained ? What are its properties } 

24. Illustrate the opposing actions of animal and vegetable life. 



\ 



ADDENDUM. 

Thb sesquicarbonate of ammonium, as given on page 210, 
is somewhat anomalous in its composition, with an addi- 
tional atom of water it would be as regular as the corre- 
sponding sesquicarbouates of potassium and sodium ; 
thus :— 

Sesquicarbonate of Potassium E4H33COS. 
„ „ Sodium Na4H23CO,. 

,3 „ Ammonium (NH4)4Hs3COs. 



ERRATA. 

Page 209, line 21, 
/br " 2(NH8)„3H-C03," read «2{(NHJjH80}3COs." 

Page 209, line 28, 
read "4(NH4)Cl + 30aCOs= 2{(]SrH,),H,O}30O, + 20a01,+ CaO." 

Page 210, line 2, 
for " hydratedalkaU, NHjHjO ;" read "volatile alkaU, (NHs) AO." 

Page 210, line 7, 
for "Sesquicarbonate of Ammonium, 2{ (NHJjOOjIHjCO,," 
read "Sesquicarbonate of Ammonium, 2{(NH4)sCO,},COt." 
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SoiCB chemists hare adopted a different nomenclature for compound 
bodies from that used in the preceding pages, placing the metallic, 
or ^voM-metallic, part of the compound first ; thus : — 

Nitric acid becomes Eydric Nitrate. 

Potass or Oxide of Potassium becomes Potassic Oxide. 

Lime or Hydrate of Calcium becomes Calcic Hydrate. 

Proto-Sulphate of Iron becomes Perroiu Sulphate. 

Nitrate of Copper becomes Copper or Cupric Nitrate. 

Acetate of Lead becomes Plumbic Acetate. 

Calomel, or Subchloride of Mercury becomes Meronrous Chloride. 

Gorrosiye sublimate or Chloride of Mercuiy becomes Uerourio 
Chloride. 

The following tables contain the names and symbols of the prin- 
cipal Chemical compounds. 

I. Namxs Ajn> Stkbols of thb Pbinoifal Cohpouitdb of thb 

Metalloids. 



Water 

Nitrous Acid 

Nitric Acid 

Sulphurous Acid 
Sulphuric Acid 
Hydrochloric Acid . . . 
Carbonic Acid (aqueoas) 
Phosphoric Acid 
Boracic Acid 

Silicic Acid 

Chromic Acid 
Arsenious Acid 
Arsenic Acid 

Oxalic Acid 

Acetic Acid 

Tartaric Acid 
Nitrous Oxide 



HNOs 

HNOs 

H,80, 

H3BO4 

HGl 

H,GO, 

H3PO, 

H,BO, 

H4Si04 

H,Cr04 

HsAsO, 

H3,As04 

H»,CA 
H^CAOa 

Hs,C4H40« 

V,0 



Nitric Oxide NO 

Nitrous Anhydride ... NjOs 

Hyponitric Anhydride . . . NO, 

Nitric Anhydride . . . NjOs 

Carbonic Oxide ... CO 

Carbonic Anhydride ... COs 

Sulphuric Anhydride ... SOs 

Marsh Gas CR^ 

defiant 0as CA 

Ammonia (gaseous) ... NH, 

Phosphoric Anhydride... PjOs 

Sulphuretted Hydrogen. H^S 
Phosphurette J Hydrogen HsP 

Alcohol {h^}^ 



Ether 



&}' 
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II. Nakbs, Snroimas asd Symbols ov bomb op tee cx>k- 

MOKBB Salts. 



Canstio Potash 


... Hydrate of Potassium 


... KHO 


8alt.potra ... 


..^ Nitrate of Potassium 


... KNO. 


Chalk 


... Carbonate of Calcium 


... CaCO, 


Qviok-lime ... 


•.. Oxide of Calcium ... 


... CaO 


81aked-lime..« 


... Hydrate of Calcium 


... CaH,Os 


GypBum 


... Sulphate of Calcium 


... CaSO^ 


AioLDionia (liquid) 


... Hydrate of Ammonium 


... (NHJHO 




... Chloride of Ammonium 


... (NM4)C1 


Zpmnx salts... 


... Sulphate of Magnesium 


... MgSO^ 


Alum 


••• Sulphate of Aluminum 


and 




Potassium 


... AIE2SO4 


S6a«dt 


... Chloride of Sodium 


... NaCl 


Oreen Vitriol 


... Sulphate of Iron ... 


... FeSO* 


Bine Vitriol 


... Sulphate of Copper 


... CuSOi 


White Vitriol 


... Sulphate of Zinc ... 


... ZnSO* 


Sugar of Lead 


... Acetate of Lead 


... Pb.(CHaO,)« 


White Lead... 


... Carbonate of Lead... 


... PbCOs 


Lunar Gaustio 


... Nitrate of Silver ... 


... AgNO, 


Corrosiye Sublimate Chloride of Mercury 


... HgCl, 


Calomel 


... Sub-chloride of Mercury 


... HgCl 


Tartar-emetio 


... Tartrate of Antimony 


and 




Potassium 


... K,SbO,(C4F40.) 


Cream of Tartar 


... Acid-tartrate of Potassium . KH(C4H40«) 


Prussian Blue 


... Ferro-cyanide of Iron 


... Fe4,3(FeCy,) 


Emerald Green 


... Arsenice of Copper 


... CuKAsO, 


Vermilion ... 


... Sulphuret of Mercury 


... HgS 



III. FOBMULJS OF Si^LTS OF ELEMENTS » OF DIFFESENT ATOMI- 
CITIES. 





Monatomie. 


Diatomic 


Triatomio. 


Tetratomio. 


Chlorides 


KCl 


CaCU 


SbCl, 


SnCU 


Oxides 


K,0 


CaO 


Sb,Os 


SnOs 


Hydrates 


KNO 


CaH.O, 


AlHO, 


SnHjOa 


Nitrates 


KHO, 


Cu2N0, 


Bi3NOs 


Af4N0, 


Sulphates 


K,S04 


CuSO* 


AlaSSO^ 


3f2S04 


Phosphates 


Na3P04 


Cas2P04 


MPO, 


MAPO, 


Carbonates 


K,CO, 


CaCO, 


MJiCOi 


Af200, 



The formul» of the Iodides, Sromides, and Fluorides are ana- 
logues to the Chlorides. 

The formulee of the Nitrates, Sulphates, and Phosphates illustrate 
respectively the salts formed by monobasic, dibasic and tribasio acids. 
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IV. EZAHPLEB OP CHIOaOAL CALOVLlTIOinS. 

1. How much Chlorate of Potassium will be required to make t 
gallons of Oxygen at the ordinary temperature and pressure ? 

If 122} grains of Chlorate yield 48 grains of Oxygen. 
16 grains of Oxygen = 46f cubic inches. 
277i cubic inches = 1 gallon. 

2 gallons firom w grains of Chlorate P 

7 

"m X^ 1109 ? 1 1^ 7763 ^^^ . 
^« _ ^ ^ X _. ^ J X -X ^ = -jg- =485gramiu 

4 



2. What weight and volume of Hydrogen can be obtained by the 
action of dilute Sulphuric Add on an ounce of Zinc P 

If 65.2 grs. sine yield 2 grs. Hydrogen 
M grs. Hydrogen from 487.5 grs. Zinc P 

487.5x2 876 ,„ .„ . , , »^ 
•= "IsiT- =60" = ^^'^ ^'^ ^"^^^^ 

Again, 18.42 x 46.6 = 625.872 cub. in. = 2.26 galls, {vokam). 



8. What weight of marble when acted on by Hydroohloiio aoid 
will yield a cubic foot of Carbonic acid gas ? 

100 grs. Marble yield 44 grs. Carb. Acid gai* 
44 grs. C. A. gas = 98.8 cub. inches. 
1728 cab. inches ^ » grs. of marble P 

576 
100x^xXt!^axlO _ 676000 _ g . 

811 
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V. Tabcb ov Sfbodtio Gbayitt ot G-18B8 AND Yapoubs. 



••• 



Hrdrogra 

Manh Gkis •.« ... 
Ammonift ••• ... 

Steam ... .«• ... 

Oarbonio Oxide 

Nitrogen 

Olefiant Gkw 

Kitrio Oxide 
Oxygen ... 

Phosphuretted Hydrogen 
Sulphuretted Hydrogen 



0.069 

0.657 

0.59 

0.62 

0.967 

0.972 

0.978 

1.04 

1.105 

1.185 

1.191 



.000. 




Hydrochloric acid Gtas ... 


1.261 


Nitrous Oxide ... 


1.527 


Carbonic Acid Gas 


1.529 


Sulphur (yapour of) 


2.23 


Sulphurous Add Qraa ... 


2.25 


Chlorine 


2 47 


Phosphorus (rapour o£) 


4.5 


Bromine... 


5.54 


Mercury 


6.97 


Iodine 


8.71 


Arsenio 


10.6 
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7. Text and Bound. 

7^. Double Small (short 
Words). 

8. Bound and Double Small. 

9. Small Hand. 

10. Three Hands. 

11. Commercial Small Hand. 

12. Ladies* Angular (French). 



13. Ladies' Angular (English). 

Nob. 1. to 8 are printedln Faint Ink, and the Sjstcm con- 
sists in the Pupil Writing over the Copy, and then carefully 
imitating it. xfos. 9 to 18 are printed in Black Ink and 
serye as ordinary Copies* 

OBLONG FOOLSCAP SIZE, printed on cream wove 
paper, published at 3d. each. 



No. 

1. First Lessons, 

2 ft 3. Letters of the Alphabet. 

4. Two and Three Letters. 

6. Four Letters. 

6. Bound and Text (short 

Words.) 

7. Capitals and Figures. 

8. Large and Text (short 

Words). 



No. 

9 ft 10. Large Hand, Text 
and Figures. 

11. Bound and Double Small. 

12. Double Small. 

13. Small Hand. 

14. Three Hands. 
16. Three Hands. 

16. Commercial Small Rand. 

17. Ladies' Angular (French). 



18. Ladies' Angular (English). 

Nob. 1 to 18 are printed in Faint Ink for the Pupil to write 
oyer, and then to carefully imitate it. The remaining Nos. 
are printed in Blac^^^^^A^iHIibftUKdi&aQUZpP^^^- 



LONDON : T. J. 



BEST. 



(No. 2.) 




